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Abstract 
Luke Michael Ross 
An Analysis of a Dual Task Paradigm for the Assessment of Concussion 
Under the direction of Kevin M. Guskiewicz 
 
 
Recent evidence has revealed deficiencies in the ability to split attention following 
concussive injury.  The current concussion assessment paradigm used by sports medicine 
clinicians fails to grasp the interaction between balance and cognition necessary to participate 
in sport.  Few studies have examined splitting attention in our current concussion assessment 
paradigm.  The purpose of our study was to examine the effects of a dual task paradigm on 
procedural reaction time and balance in healthy subjects.  To do this, subjects performed a 
series of balance and PRT tasks under the single task and dual task conditions during two test 
sessions performed exactly 14 days apart. While obtaining few significant findings, there 
appears to be a role for both the BESS and the SOT for utilization in a dual task 
methodology.  Future research should examine the effect of a dual task for assessment and 
tracking recovery following concussive injury. 
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Introduction 
 The assessment of concussion is a complex task during which the function of multiple 
systems should be assessed.  Current methodology for the assessment of concussion 
advocates a comprehensive approach evaluating reported symptoms, neuropsychological 
performance, and balance (Guskiewicz et al., 2004).  The use of a graded symptom checklist 
has been shown to be useful in identifying some of the common symptoms associated with 
concussion (Piland, Motl, Guskiewicz, McCrea, & Ferrara, 2006).  A variety of 
neuropsychological tests are used for detecting neurocognitive deficits immediately 
following injury and at subsequent test sessions during the days following injury (Bleiberg et 
al., 2004; Echemendia, Putukian, Mackin, Julian, & Shoss, 2001; McCrea, Kelly, Randolph, 
Cisler, & Berger, 2002).  Balance assessments such as the Sensory Organization Test and the 
Balance Error Scoring System have been validated to detect deficits in balance resulting from 
errors in the integration of sensory information between the visual, somatosensory, and 
vestibular system in the days following concussion (Guskiewicz, Ross, & Marshall, 2001).  
A comprehensive assessment utilizing information on symptomatology, balance, and 
cognitive function allows for a more complete picture of the deficits following concussion. 
 Recent epidemiological evidence has highlighted the need for sensitive and reliable 
assessment tools to help diagnose injury and track recovery for return to play.  In 1998, the 
Center for Disease Control and Prevention reported that approximately 300,000 sport related 
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traumatic brain injuries (TBI) occur annually in the United States (Thurman, Branche, & 
Sniezek, 1998).  More recent data suggest that this may be a gross underestimate, with the 
actual incidence of sports related concussion being somewhere between 1.6 and 3.8 million
per year (Langlois, Rutland-Brown, & Wald, 2006).  Recent evidence has suggested that 
athletes with a history of concussion are at a higher risk for future concussive injury 
(Guskiewicz et al., 2003) as well mild cognitive impairment (Guskiewicz et al., 2005) and 
depression (Guskiewicz et al., 2007).  With a large number of people participating in sport 
world-wide and the growing frequency of concussive injury, it is imperative that researchers 
and clinicians continue to work to refine our assessment methods in order to allow for safe 
sport participation and minimize the risk of the long term complications associated with 
repeated concussive injury.  
 Although it is accepted that a multi-faceted approach should be used when evaluating 
and managing concussion, there is no consensus on when an athlete should be returned to full 
activity, other than that the athlete should be asymptomatic.  Participation in sport requires an 
athlete to split their attention between cognitive and dynamic balance tasks.  The current 
sports-related concussion assessment paradigm is limited in that it utilizes static balance and 
cognitive tasks performed independently of ech other and therefore does not reproduce the 
functional demands of sport.  In order to recreate these demands, we must examine different 
methods of challenging these systems in unison in order to fully grasp the functional 
limitations of athletes following injury.  The information we obtain from using a dual task 
assessment for the assessment of concussion may allow for more accurate decisions to be 
made as to whether individuals will be able to participate safely in sport following a 
concussive injury. 
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 At the present time, dual tasking has not been extensively examined in the concussed 
population.  It is well accepted that cognitive deficits are present following concussive injury 
and that these deficits usually persist up to 7 days following injury (Bleiberg et al., 2004).  
Recent evidence suggests that impairments to dynamic balance during gait may be present up 
to 28 days following concussion (Parker, Osternig, P, & Chou, 2006), which is in stark 
contrast to the our current clinical balance testing protocol in which recovery is usually seen 
within the first 3-5 days following injury (Guskiewicz et al., 2001; Riemann & Guskiewicz, 
2000).  Connections have been made establishing the influence that cognitive and balance 
tasks have upon each other when subjects are required to split attention between the two 
(Andersson, Hagman, Talianzadeh, Svedberg, & Larsen, 2002; Rankin, Woollacott, 
Shumway-Cook, & Brown, 2000; Redfern, Jennings, Martin, & Furman, 2001). While most 
of the research on dual task assessments has focused on elderly subjects with balance 
disorders, some research has studyied younger and healthier populations.  This work has 
shown composite scores for balance on the sensory organization test improved with the 
addition of a cognitive task (Broglio, Tomporowski, & Ferrara, 2005).  Studies examining 
the effect of a dual task in concussed subjects have revealed more pronounced balance 
performance differences (Catena, van Donkelaar, & Chou, 2007a) and longer duration of 
impairment (Parker, Osternig, van Donkelaar, & Chou, 2007) than when under single task 
condition. To our knowledge, no studies have examined a dual task paradigm in the context 
of clinically-used field tests such as the Balance Error Scoring System. 
Purpose 
The purpose of this study was to examine the effects of a dual task paradigm on 
procedural reaction time and balance in healthy subjects. This study examined the cost to 
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procedural reaction time and balance performance in pre-established clinical measures when 
procedural reaction time and balance tasks are performed together as opposed to separately. 
By analyzing the influence of split attention on procedural reaction time and balance 
performance using previously established clinical tools, we attempted to gather information 
on patterns that occur in healthy young adults.  We also examined the reliability of these 
measures under the single task and dual task conditions to determine the stability of these 
measures.  By analyzing the reliability of these measures, we hope to examine the feasibility 
of this instrument for clinical use by making comparisons to previously reported findings in 
the literature. 
Research Questions 
1. What is the difference in balance performance during a dual task when compared to 
balance performance during a single task? 
a. What is the difference in balance performance during a dual task versus a 
single task as measured by the SOT? 
b. What is the difference in balance performance during a dual task versus a 
single task as measured by the BESS? 
2. What is the difference in percentage cost to balance performance between balance tasks 
(SOT vs. BESS) when performed under a dual task compared to a single task? 
3. What is the difference in performance on a procedural reaction time (PRT) task during a 
dual task when compared to PRT performance during a single task? 
a. What is the difference in procedural reaction time test performance as 
measured by throughput score during a dual task on the eyes open conditions 
of the SOT versus a single task? 
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b. What is the difference in auditory procedural reaction time test performance 
as measured by accuracy during a dual task on the eyes closed conditions of 
the SOT versus a single task? 
c. What is the difference in auditory procedural reaction time test performance 
as measured by PRT accuracy during a dual task BESS test versus a single 
task? 
4. What is the difference in cost to accuracy on an auditory procedural reaction time task 
when performed under a dual task compared to a single task between two different 
balance tasks as measured by accuracy of the auditory procedural reaction time scores? 
5. What is the reliability of measures of reaction time and balance performance during a 
single task across test sessions? 
a. What is the reliability of balance performance on the SOT during a single task 
as measured by composite score across test sessions? 
b. What is the reliability of balance performance on the BESS during a single 
task as measured by total error score across test sessions? 
c. What is the reliability of procedural reaction time performance during a single 
task as measured by throughput score across test sessions? 
d. What is the reliability of auditory procedural reaction time performance 
during a single task as measured by accuracy score across test sessions? 
6. What is the reliability of measures of reaction time and balance performance during a 
dual task across test sessions? 
a. What is the reliability of balance performance on the SOT during a dual task 
as measured by composite score across test sessions? 
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b. What is the reliability of balance performance on the BESS during a dual task 
as measured by total error score across test sessions? 
c. What is the reliability of procedural reaction time performance during a dual 
task on the eyes open conditions of the SOT as measured by throughput score 
across test sessions? 
a. What is the reliability of auditory procedural reaction time performance 
during a dual task on the eyes closed conditions of the SOT as measured by 
accuracy score across test sessions? 
Null Hypotheses 
1.  What is the difference in balance performance during a dual task when compared to 
balance performance during a single task? 
a. There will be no difference in balance performance on the SOT between a 
dual task and a single task as measured by composite score. 
b. There will be no difference in balance performance on the BESS between a 
dual task and a single task as measured by total error score. 
2.  What is the difference in percentage cost to balance performance between balance tasks 
(SOT vs. BESS) when performed under a dual task compared to a single task? 
a. There will be no difference in balance performance between balance tasks 
when performed under a dual task compared to a single task as measured by 
percent change to composite score and total error score. 
3.  What is the difference in performance on a procedural reaction time (PRT) task during a 
dual task when compared to PRT performance during a single task? 
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a. There will be no difference in PRT performance during a dual task versus a 
single task as measured by throughput score. 
b. There will be no difference in APRT performance as measured by accuracy 
score during a dual task on the eyes closed conditions of the SOT versus a 
single task. 
c. There will be no difference in APRT performance as measured by accuracy 
score during a dual task on the BESS versus a single task. 
4.  What is the difference in cost to accuracy on an auditory procedural reaction time task 
when performed under a dual task compared to a single task between two different 
balance tasks as measured by accuracy of the auditory procedural reaction time scores? 
a. There will be no difference in APRT performance between balance test 
batteries as measured by accuracy score. 
5. What is the reliability of measures of reaction time and balance performance during a 
single task across test sessions? 
a. Balance performance on the SOT during a single task will be reliable across 
test sessions as measured by composite score. 
b. Balance performance on the BESS during a single task will be reliable across 
test sessions as measured by total error score. 
c. PRT performance during a single task will be reliable across test sessions as 
measured by throughput score. 
d. APRT performance during a single task will be reliable across test sessions as 
measured by accuracy score. 
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6. What is the reliability of measures of reaction time and balance performance during a 
dual task across test sessions? 
a. Balance performance on the SOT during a dual task will be reliable across test 
sessions as measured by composite score. 
b. Balance performance on the BESS during a dual task will be reliable across 
test sessions as measured by total error score. 
c. PRT performance during a dual task on the eyes open conditions of the SOT 
will be reliable across test sessions as measured by throughput score. 
d. APRT performance during a dual task on the eyes closed conditions of the 
SOT will be reliable across test sessions as measured by accuracy score. 
e. APRT performance during a dual task on the BESS will be reliable across test 
sessions as measured by accuracy score. 
Research Hypotheses 
1.  What is the difference in balance performance during a dual task when compared to 
balance performance during a single task? 
a. There will be no difference in balance performance on the SOT between a 
dual task and a single task as measured by composite score. 
b. Balance performance on the BESS will be significantly worse during a dual 
task versus a single task as measured by total error score. 
2.  What is the difference in percentage cost to balance performance between balance tasks 
(SOT vs. BESS) when performed under a dual task compared to a single task? 
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a. Balance performance on the BESS will be significantly worse than on the 
SOT when performed under a dual task compared to a single task as measured 
by percent change to composite score and total error score. 
3.  What is the difference in performance on a procedural reaction time (PRT) task during a 
dual task when compared to PRT performance during a single task? 
a. PRT performance will be significantly improved during a dual task on the 
eyes open conditions of the SOT versus a single task as measured by 
throughput score. 
b. There will be no difference in APRT performance as measured by accuracy 
score during a dual task on the eyes closed conditions of the SOT versus a 
single task. 
c. APRT performance during a dual task on the BESS will be significantly worse  
as measured by accuracy score during a dual task on the BESS versus a single 
task. 
4.  What is the difference in cost to accuracy on an auditory procedural reaction time task 
when performed under a dual task compared to a single task between two different 
balance tasks as measured by accuracy of the auditory procedural reaction time scores? 
a. APRT performance during a dual task on the BESS will be significantly worse 
than performance on the eyes closed conditions of the SOT as measured by 
accuracy score. 
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5. What is the reliability of measures of reaction time and balance performance during a 
single task across test sessions? 
a. Balance performance on the SOT during a single task will be reliable across 
test sessions as measured by composite score. 
b. Balance performance on the BESS during a single task will be reliable across 
test sessions as measured by total error score. 
c. PRT performance during a single task will be reliable across test sessions as 
measured by throughput score. 
d. APRT performance during a single task will be reliable across test sessions as 
measured by accuracy score. 
6. What is the reliability of measures of reaction time and balance performance during a 
dual task across test sessions? 
a. Balance performance on the SOT during a dual task will be reliable across test 
sessions as measured by composite score. 
b. Balance performance on the BESS during a dual task will be reliable across 
test sessions as measured by total error score. 
c. PRT performance during a dual task on the eyes open conditions of the SOT 
will be reliable across test sessions as measured by throughput score. 
d. APRT performance during a dual task on the eyes closed conditions of the 
SOT will be reliable across test sessions as measured by accuracy score. 
e. APRT performance during a dual task on the BESS will be reliable across test 
sessions as measured by accuracy score. 
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Independent Variables 
1.  Task (dual task vs. single task) 
2. Time (test session 1 vs. test session 2) 
Dependent Variables 
1. Sensory Organization Test Composite Score 
2. Balance Error Scoring System Total Error Score 
3. Cost to Balance: % Change in performance from the single task to dual task condition on 
the SOT and the BESS (dual task-single task/single task x 100) 
4. Procedural Reaction Time Throughput Score 
5. Auditory Procedural Reaction Time Accuracy Score 
6. Cost to Auditory Procedural Reaction Time: Change in performance from the single task 
to the dual task on the SOT and the BESS  
Definitions 
1. Balance Error Scoring System (BESS) – A clinical assessment tool evaluating postural 
stability usually used following concussive injury. 
2. Sensory Organization Test (SOT) – A test of an individual’s postural stability which 
systematically disrupts the sensory selection process by changing the visual information, 
somatosensory information, or both while measuring the subject’s ability to minimize 
postural sway (Guskiewicz et al., 2001). 
3. Procedural Reaction Time (PRT) – A computerized test module of the Automated 
Neuropsychological Assessment Metrics (ANAM) which is used to assess cognitive 
performance.   
Operational Definitions 
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1. Concussion – A complex pathophysiological process affecting the brain, induced by 
traumatic biomechanical forces. (McCrory et al., 2005). 
2. Dual task Assessment – A combined balance and neuropsychological test that assesses 
the effect of balance on neurological function as well as the effect of a cognitive load on 
postural sway. 
3. Collegiate Athlete – A male or female student, between the ages of 19 and 25, who is 
currently participating in a varsity or junior varsity intercollegiate sport. 
4. Auditory Procedural Reaction Time - The Auditory PRT mimicks the rules of the 
computer based PRT with the stimulus being the verbalization of one of the numbers 
between 2 and 5, following which the subject will verbally respond “left” to the numbers 
2 and 3 and “right” to the numbers 4 and 5.  By replying “left” to the numbers 2 and 3 
and “right” to the numbers 4 and 5, the auditory assessment will keep the same rules as in 
the traditional PRT.  The recording will provide a stimulus every 2.5 seconds, with 
correct and incorrect responses being noted by the tester. 
Delimitations 
1. Healthy subjects were tested exactly two weeks apart 
2. Subjects with the following were excluded: 
• Concussion within the last 6 months  
• History of 3 or more concussions  
• Vestibular disorder 
• Neurologic disorders affecting balance 
• ADD/ADHD 
• Learning disablility (M. W. Collins et al., 1999) 
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• Have had a lower extremity injury within the last 3 months 
Limitations 
1. Subjects represent a sample of convenience 
2. Only used reaction time as a cognitive task 
3. Motivation when performing each task varied between subjects 
4. Experience of the tester when scoring the BESS 
5. Ability of the tester to score the auditory PRT 
6. Ability of the tester to operate a stopwatch 
7. Ability of the tester to operate the video equipment 
8. Used two different PRT tasks (visual and auditory) 
Assumptions 
1. All subjects were healthy and met none of the exclusion criteria 
2. The sample was representative of the target population 
3. Subjects performed to the best of their ability on each task 
4. The instrumentation that the dual task assessment was performed with is sensitive and 
reliable to the associated deficits following concussion 
5. The tester was able to accurately score the BESS 
6. The tester was able to accurately score the auditory PRT 
7. The tester was able to operate a stopwatch properly 
8. The tester was able to operate the video equipment 
 
 
 CHAPTER II 
 The management of concussion presents a unique challenge to the sports medicine 
clinician.  Unlike other injuries that commonly occur during sport which are assessed and 
managed physically with observable signs of progress, assessment and management of 
concussive injury is influenced largely on what the patient reports and how they perform on a 
clinical battery of tests.  Despite large improvements in the body of knowledge on 
concussion, there is much that is still unknown about the best method of assessing, 
managing, and rehabilitating an athlete following injury.  The purpose of this review is to 
examine the current literature pertaining to concussion assessment and management, as well 
as to identify gaps in the current body of knowledge to identify areas of need for future 
research. 
Definition of Concussion 
 The definition of concussion is one that has undergone many changes over the years.  
Concussion was first defined in 1966 by the Congress of Neurological Surgeons as “an 
immediate and transient impairment of neural function such as an alteration of 
consciousness, disturbance of vision, equilibrium, and other similar symptoms.” ("Congress 
of Neurological Surgeons, Inc," 1966).  Since this time, the body of knowledge regarding 
concussion has grown considerably. Advances have been made in the understanding of the 
basic pathophysiolical sequelae of concussion and its effect on symptomatology, 
neuropsychological function, and postural stability.  Coinciding with the growth in the body 
of knowledge on concussion, the definition has undergone a similar evolution.  In 2001, 
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the First International Symposium on Concussion in Sport was held in Vienna with the goal 
of providing recommendations for the improvement of the management of concussion to 
ensure the safety and health of those participating in sport.  At these proceedings, a new 
consensus definition was formed.  Concussion was defined as, “A complex 
pathophysiological process affecting the brain, induced by traumatic biomechanical forces.”  
The common features of concussion were as follows: 
1. Concussion may be caused by forces to the head, face neck, or any part of 
the body which are then transmitted to the head. 
 
2. The symptoms of concussion present rapidly but usually are short in 
duration.  They present as an impairment in neurological function and 
resolve spontaneously. 
 
3. Symptoms reflect functional impairment rather than structural damage to 
the brain. 
 
4. Concussion presents as a series of graded neurological symptoms, that 
may or may not include loss of consciousness, which usually resolve in a 
sequential course. 
 
5. Neurological imaging is usually normal (Aubry et al., 2002) 
 
The Second International Conference on Concussion in Sport was held in 2004 and at which 
the added to the definition established in Vienna in saying that some cases of post-concussion 
symptoms may be prolonged and persistent (McCrory et al., 2005).   
 As a result of new terminology, concussion is no longer viewed as structural damage 
to the brain, but is now discussed as a functional impairment due to an alteration in the 
brain’s ability to interpret and integrate internal and external stimuli.  Multiple theories have 
been formulated as to why this happens, but investigation into basic neurophysiology has 
uncovered physiological alterations to normal brain functioning following traumatic injury. 
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Epidemiology of Concussion 
 Concussion represents a major health concern in the United States.  In 1991, reports 
suggested the incidence of brain injury in the United States was 1.54 million with 20% 
(approximately 30,000) of these cases resulting from participation in sport.  Of the sport 
related cases 34% received no medical care, 54% received only outpatient care, and 12% 
were hospitalized (Sosin, Sniezek, & Thurman, 1996; Thurman et al., 1998).  Between 1990 
and 1993, the Center for Disease Control and Prevention reported an annual incidence of 
hospitalizations resulting from sport related TBI of 2.6 per 100,000 population in Colorado, 
Missouri, Utah, and Oklahoma.  ("Traumatic brain injury--Colorado, Missouri, Oklahoma, 
and Utah, 1990-1993," 1997).  Injury rates are highest among males and children, 
adolescents, and young adults (Sosin et al., 1996; "Traumatic brain injury--Colorado, 
Missouri, Oklahoma, and Utah, 1990-1993," 1997).  
Recent data suggests that the incidence of sport related concussion may be much 
higher than that previously reported in the literature.  Previous reports are limited in that they 
excluded cases in which there was no loss of consciousness (LOC) (Sosin et al., 1996; 
Thurman et al., 1998) and examine only the more severe cases of TBI ("Traumatic brain 
injury--Colorado, Missouri, Oklahoma, and Utah, 1990-1993," 1997). This is a major 
limiting factor as LOC has been estimated to occur in only 9-19% of concussed individuals 
(Asplund, McKeag, & Olsen, 2004; M. Collins, Lovell, Iverson, Ide, & Maroon, 2006; 
Guskiewicz et al., 2001; Guskiewicz, Weaver, Padua, & Garrett, 2000; Pellman et al., 2004).  
Recent data estimates the actual incidence of concussion in sport may be between 1.6 and 3.8 
million (Langlois et al., 2006). 
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 The age range at the highest risk for a sport related concussion coincides with the 
portion of the population that is most active in sport.  Survey data on football players 
participating at the high school and division I, II, and III collegiate level suggests an overall 
incidence of concussion of 5.1%.  Within this sample players at the high school (5.6%) and 
Division III (5.5%) were shown to be at greater risk than at the Division II (4.5%) or 
Division I (4.4%) levels.  The severity of the concussions experienced was graded according 
to the Cantu grading scale.  88.9% of the reported concussions were classified as grade I, 
while 10.6% and .4% were reported as grade II and III respectively  (Guskiewicz et al., 
2000).     
These numbers are significantly lower than those observed in the 1980’s, which was 
estimated to be approximately 19% (Gerberich, Priest, Boen, Straub, & Maxwell, 1983).  
This estimate by Gerberich et al may have been a conservative estimate, because subjects 
were consider to have a concussion if they were diagnosed by a health care professional, 
experienced loss of consciousness, or loss of awareness.  The other symptoms associated 
with the normal clinical presentation were not taken into consideration at the time. 
McCrea et al used a post season questionnaire in order to examine the number of 
unreported concussions in high school football.  This study suggested that approximately 
30% of high school football players from the sample had a history of concussion in football.  
Approximately 15% of the players who completed the survey reported having a concussion 
within the previous season, but only 47% of those players reported their symptoms to an 
athletic trainer, physician, coach, or parent.  This data suggests as many as 50%of 
concussions sustained during participation in high school football may go unrecognized 
(McCrea, Hammeke, Olsen, Leo, & Guskiewicz, 2004). 
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  In a study performed by Delaney et al on the incidence of concussion in collegiate 
football and soccer in Canada, an incidence of 16.5% and 12.4% were reported in football 
and soccer respectively.  This data was collected retrospectively and represents the 
percentage of players who recognized that they had received a concussion at the time of an 
incident during which they received a blow to the head and not that of diagnosed 
concussions.  Additional data was presented that 70.4% of the football players and 62.7% of 
the soccer players experienced at least one concussion like symptom following receiving a 
blow to the head during the previous season.  This data is limited due to the fact that it was 
self reported by the players and was taken at the end of the season and may not give an 
accurate representation of the incidence of concussion in these samples (Delaney, Lacroix, 
Leclerc, & Johnston, 2002). 
 Pellman et al examined the incidence of concussion in the National Football League 
between 1996 and 2001 as reported by each teams athletic trainer or team physician using the 
NFL Injury Surveillance System.  An incidence of .41 concussions per game was reported 
during this time period, with player in the defensive secondary (18.2% of total concussions) 
and on the special teams kick unit (16.6% of total concussions) having the greatest risk of 
injury.  Greatest risk of injury occurred while players were tackling another player (32%) or 
being tackled (29%) (Pellman et al., 2004). 
 These estimates provide our best representation for the incidence of concussion at the 
different levels of competitive sport, but are limited by the fact the with the exception of 
Guskiewicz et al and Pellman et al, data was mostly collected retrospectively and was self 
reported by the athletes.  More large scale, prospective studies must be performed in order to 
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gain a better understanding of the incidence of concussion at the different levels of 
competitive sport. 
Acute Effects of Concussion 
 The immediate presentation of concussion most commonly presents with reported 
symptoms and deficits in cognition and postural stability.  The specifics of each one of these 
deficits may vary between individuals, but trends exist in the literature as to the clinical 
presentation.. 
 Acutely, there are a variety of self reported symptoms that may be present following 
concussive injury.  These symptoms represent either neurobehavioral, cognitive, and somatic 
following injury (Piland et al., 2006).  Typical symptoms following injury include headache, 
dizziness, nasea, feeling dazed or in a fog, visual problems, hearing problems, or 
irritability(McCrory et al., 2005).  These symptoms, while being very evident in the first few 
days following injury, resolve in most cases by day 7 following injury (McCrea et al., 2003)  
The presence of symptoms also clues us in to other deficits, with the presence of symptoms 
usually being indicative of cognitive deficits (McCrea et al., 2005). 
 Mental status alterations may occur following concussive injury, affecting domains 
such as orientation, immediate and delayed memory, and concentration.  The Standardized 
Assessment of Concussion (SAC) is one of the most common clinical tools used to assess 
mental status  immediately following injury.  The SAC has been shown to be sensitive to 
cognitive deficits immediately following injury with recovery usually occurring within 7 
days following injury (McCrea et al., 2005; McCrea et al., 2003; McCrea et al., 2002; 
McCrea et al., 1998).   
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 Cognitive and balance recovery following concussion usually occurs within the first 7 
days (Bleiberg et al., 2004; Echemendia et al., 2001; McCrea et al., 2003) and 5 days 
(Guskiewicz et al., 2001) following injury respectively.  Processing speed, verbal fluency, 
and mental flexibility are among the deficits that previous research has revealed following 
concussion(McCrea et al., 2003). Balance deficits involving integration of visual, 
somatosensory, and vestibular stimuli can be assessed via the Sensory Organization Test or 
the Balance Error Scoring system (Guskiewicz et al., 2001). 
 Mention of the immediate effects of concussion would not be complete without 
mention of the possible effects of multiple concussive injures.  Repeat concussions play a 
role in the immediate and long term recovery following injury.    
Cumulative Effects of Concussion 
 The effect of multiple concussions is a rapidly growing area in the literature.  The 
deleterious effects of multiple concussions have been most studied in retired professional 
athletes, particularly in football and boxing, but have also been studied prospectively in 
amateur athletes.  These findings have shed light on to the potential short term and long term 
risks associated with the injuries. 
 A history of one or more concussions leaves athletes at a greater risk for receiving 
future concussions.  Athlete’s who have received a concussion are at a higher risk to receive 
a concussion within the same season as well as in future seasons compared to those who have 
never sustained a concussion (Guskiewicz et al., 2003).  History of multiple concussions also 
results in slower recovery of cognitive function immediately following injury (M. W. Collins 
et al., 1999; Guskiewicz et al., 2003)  These phenomenom may be due changes in brain 
physiology following concussive injury that may leave the brain more susceptible to injury 
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and less capable of recovering while still in a period of recovery from previous concussion 
(Giza & Hovda, 2001).    
 The more serious problems with recurrent concussion may lie in areas other than 
sport.  Recurrent concussion has been associated with increased risk for mild cognitive 
impairment (MCI) (Guskiewicz et al., 2005) and clinical depression (Guskiewicz et al., 2007)  
in retired professional football players.  These findings reveal a possible alarming public 
health concern if these findings are extrapolated to the general population.  While rule 
changes and better equipment standards have lead to a lower incidence of concussion in 
sports such as football (Levy, Ozgur, Berry, Aryan, & Apuzzo, 2004), the potential for late 
life cognitive impairments and the potential for lower quality of life from recurrent 
concussion make the development of prevention strategies for this potential epidemic 
imperative.  As the body of knowledge on the functional ability of the brain and the effects of 
concussion continually grows, so must the refinement of the current assessment strategies to 
continue to safely return athlete to competition while reducing the risk for late life cognitive 
impairment. 
Anatomy and Pathophysiology 
 In order to order to discuss pathophysiology of the brain, a short discussion of brain 
anatomy and function must be made.  The brain is divided into a number of areas that each 
have a unique role in the in the organization and integration of external stimuli and the 
appropriate efferent response.  Some of the most pertinent areas to concussion include: 
Frontal Lobe 
 The anterior portion of the cerebrum, the frontal lobe is separated from the parietal 
lobe posteriorly by the central sulcus.  The frontal lobe has been associated with executive 
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functions of the brain such as problem solving and attention as well as planning and 
executing motor commands in the premotor and motor areas.  
Parietal Lobe 
 The parietal lobe is located posterior to the frontal lobe on the superior surface of the 
brain.  The parietal lobe is the major area in which sensation is processed, processing both 
gross and fine sensation.  
Occipital Lobe 
 The posterior portion of the brain, the occipital lobe is the primary area in which 
visual information is processed.  This area is responsible for processing visual input as well 
as integrating these inputs to discern meaning from what is seen.  
Temporal Lobe 
 The temporal lobe is located on both sides of the brain at about the level of the ears.  
This area is responsible for processing auditory information, visual memory, and verbal 
memory.  
Cerebellum 
The portion of the brain that is located behind the cerebrum, it functions primarily to 
help refine the timing and coordination of movement patterns. 
Medulla Oblongata 
 The most caudal portion of the brain, the medulla oblongata is continuous with the 
pons and the spinal cord.  The medulla oblongata contains a cavity in which the 4th ventricle 
is located, which continues into the central canal of the spinal cord. 
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Pons 
 The pons lies between the midbrain and the medulla oblongata and serves to connect 
the cerebrum, cerebellum, and spinal cord.  The superior portion of the 4th ventricle begins 
within the pons. 
Cranial Meninges 
The outermost covering of the brain, the cranial meninges consist of three layers that 
separate the brain from the skull.  The outermost layer, the dura mater provides an inelastic, 
tough barrier between the brain and the skull.  Located just under the dura mater, the 
arachnoid is the middle meningeal layer.  The innermost meningeal layer, the pia mater, is a 
thin layer that runs over the outermost surface of the brain.  Between the arachnoid and pia 
mater is an area referred to as the subarachnoid space.  The subarachnoid space is filled with 
cerebrospinal fluid (CSF) to provide which allows the brain to float within the skull.  The 
subarachnoid space also allows for the passage of the external arterial vessels of the brain.   
Neurometabolic Cascade Following Concsussion 
 Following concussive injury, multiple acute physiological changes occur in the brain.  
The biomechanical deformation of neurons leads to ionic shifts resulting from increases in 
extracellular potassium and intracellular sodium and calcium through voltage gated ion 
channels as well decreases in intracellular magnesium.  This shift is further exacerbated by 
the release of excitatory neurotransmitters which stimulates more accumulation of potassium 
in the extracellular environment.  The need for ATP to fuel the sodium–potassium pump to 
restore homeostasis in confounded by a decrease in cerebral blood flow and therefore an 
impaired ability to transport glucose to the brain to meets these demands(Giza & Hovda, 
2001). 
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 During this time of increased energy demand coupled with reduced amounts of 
glucose available for metabolism, the ability of the brain to perform oxidative metabolism is 
paramount.  Studies have shown that despite this need, the brain goes through an extended 
period of depressed oxidative metabolism following injury (Hovda, Yoshino, Kawamata, 
Katayama, & Becker, 1991).  This results in an extended period of hyperglycolysis to meet 
the energy demands of the brain.  As a result of hyperglycolysis, lactate production far 
exceeds lactate metabolism, leading to it’s accumulation in neurons.  Increased levels of 
lactate and calcium and reduced levels of magnesium along with the strained ability of 
metabolism to meet the energy needs of the brain following injury have been hypothesized to 
leave the brain more susceptible to repeat concussive injuries during this time period.  
Animal models have shown these deficits t recover within 7 to 10 days following injuries, but 
this time frame may be closer to 2-4 weeks in humans based on current research (Giza & 
Hovda, 2001).  Changes in brain physiology following concussion help to explain the 
presence of symptoms in the absence of structural damage to the brain and validate the 
relevance of the tracking of symptoms following injury to help assess recovery. 
Management and Return to Play 
  Today, the position statement from the 2nd International Conference on Concussion in 
Sport (CIS) (McCrory et al., 2005) and the National Athletic Trainers’s Association (NATA) 
Position Statement (Guskiewicz et al., 2004) are two of the most widely used practice 
guidelines for the management of the sports-related concussion.  Both present an evidence 
based approach to its management in the clinical setting.  While there are several minor 
differences between the two practice guidelines, both groups recommend a comprehensive, 
multidisciplinary approach to the assessment and management of concussion.  This approach 
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includes weighing the clinical signs and symptoms with objective measures of cognitive and 
balance performance when making an assessment and when making return to play decisions.  
Between the two guidelines, there were important themes of agreement within these domains.  
When evaluating symptomatology, it is more important to look at the number, nature, and 
severity of symptoms rather than which symptoms are present e.g. loss of consciousness 
(LOC) or post traumatic amnesia (PTA) and athletes should never be returned to competition 
while symptomatic.  Neuropsychological and balance measures are important for tracking the 
recovery of the athlete with the comparison to individual baseline measurements being the 
“gold standard” of practice. 
Despite these guidelines, the management of concussion still varies between 
institutions and clinicians.  Notebaert et al examined practice trends for the management of 
sports related concussion in the US in 1999.  The authors reported that to evaluate 
concussion, 95% of respondents use a clinical evaluation, 85% use symptom checklists, 48% 
use the Standardized Assessment of Concussion (SAC), 18% use neuropsychological tests, 
and 16% use the Balance Error Scoring System (BESS).  The most important tools for 
making return to play decisions were clinical evaluation (59%), symptom checklists(13%), 
and return to play guidelines(12%).  Only 3% of respondents reported using a combination 
the evaluation of symptoms, neuropsychological scores, and balance performance in 
assessing concussion (Notebaert & Guskiewicz, 2005).  Some of the variation between 
clinicians may be explained by institutional protocols, available resources, and clinical 
preference.   
 Multiple other return to play guidelines have been previously established which grade 
injury severity at the time of injury rather than on when baseline performance as re-attained 
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on cognitive and balance performance measures.  The Cantu, American Academy of 
Neurology, and Colorado guidelines among others, are examples in which this is true.  These 
guidelines focus largely on the presence of loss of consciousness (LOC) and post traumatic 
amnesia (PTA) (Cantu, 2001) despite the relatively low prevalence of these symptoms in 
concussive injury (Guskiewicz et al., 2001).  These grading scales coincide with relatively 
conservative return to play guidelines, determining this time frame at the time of injury.  
While this conservative approach to making return to play decisions may more closely mirror 
physiological changes that occur in the brain, it is still unclear as to how the physiological 
changes affect vulnerability for re-injury (Giza & Hovda, 2001).  Since these physiological 
changes represent the functional impairment in the brain, it is important to assess the 
functional capacity of the brain to make safe and accurate decisions while not being overly 
conservative.  While the current studies linking late life cognitive impairments with recurrent 
concussion make a strong argument to manage these injuries conservatively, it also 
reinforces the need to continue to refine ways of assessing the functional capacity of the 
brain. 
Symptomatology 
 Concussion is associated with a number of common signs and symptoms that are 
reported by the athlete.  Data collected in high school football, collegiate football, and the 
NFL suggest that headache, dizziness, and confusion are the 3 most common self-reported 
symptoms following concussion (Delaney et al., 2002; Erlanger et al., 2003; Guskiewicz et 
al., 2000; Pellman et al., 2004).  Other symptoms may include fatigue, feeling “in a fog,” 
irritability, memory problems, nausea, difficulty concentrating, sensitivity to light and noise, 
and trouble falling asleep (Cantu, 2001).  Loss of consciousness has been classically thought 
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of as an important clinical marker of concussion and concussion severity has been shown to 
be present in as few as 8.9% of concussions and has been shown to be a poor predictor of 
concussion severity and duration of symptoms (Erlanger et al., 2003; Guskiewicz et al., 
2001). 
 The Glascow Coma Scale (GCS) is a clinical tool that to assess a subject’s 
responsiveness to external and environmental stimuli.  While the GCS provides valuable 
information about a patient’s state following injury, it may not be the most sensitive indices 
of cognitive impairment following concussion since most cases of MTBI result in the patient 
being lucid and completely responsive to external stimuli and may be more appropriate for 
use in non sports-related TBI. 
 A model of using the presence self reported symptoms at the time of injury and at 
follow up has been has been shown to be a good indicator of the presence of cognitive 
impairment following injury (M. W. Collins et al., 1999; Erlanger et al., 2003).  This is 
important because the presence of symptoms and cognitive impairments represents persistent 
physiological changes in the brain that may leave the athlete susceptible to repeat injury.  The 
number of symptoms following concussion has been reported to range between 3.5 and 7.3 in 
high school and collegiate athletes (Erlanger et al., 2003; Guskiewicz et al., 2000).  Pellman 
et al reported an average of 2 self reported symptoms following concussion in professional 
football players (Pellman et al., 2004).  The variation between number of self reported 
symptoms may be explained by extrinsic factors inherent to the level of competition and 
intrinsic factors dealing with the under reporting of symptoms due to motivation to return to 
play.   Piland et al has validated the use of a Graded Symptom Checklist (GSC) to provide 
objective information on the number and severity of symptoms following Injury.  The GSC 
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utilizes a list of 9 symptoms following concussion that can be related to the neurobehavioral, 
cognitive, and somatic impairments following concussion.  The severity of each symptom is 
graded on a 7 point Likert scale.  The use of a GSC may provide a more sensitive index for 
the detection of concussion, because as reported in normative data, the symptoms of 
concussion may be commonly present in less severe levels in people in non-concussed states 
(Piland et al., 2006). 
Neuropsychological Assessment 
 Currently, the National Athletic Trainers Association as well as the American 
Academy of Neuropsychology recommend the use of neuropsychological testing in the 
evaluation, treatment, and management of concussion in sport (Guskiewicz et al., 2004; 
Moser et al., 2007).  This practice has been criticized by some due to the lack of clear 
evidence in its favor in the current literature (Grindel, Lovell, & Collins, 2001; Randolph, 
McCrea, & Barr, 2005).  While controversy as to the role of neuropsychological evaluation 
in the concussion assessment paradigm, recent evidence has supported its involvement as 
adding value to the evaluation and management of concussion in sport. 
 Evidence has demonstrated the presence of deficits to neuropsychological 
performance acute following concussive injury, with recovery usually occurring within the 
first week following injury (Bleiberg et al., 2004; Echemendia et al., 2001; Lovell, Collins, 
Iverson, Johnston, & Bradley, 2004; McCrea et al., 2003).  The presence of symptoms 
following concussive injury has been shown to be indicative of cognitive impairment 
following injury (M. W. Collins et al., 1999).  These findings are consistent with changes in 
brain physiology following concussion, which has been reported to recover within 7-10 days 
following injury (Giza & Hovda, 2001; Hovda et al., 1991).  Although testing while 
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presenting with concussive symptoms may be unnecessary, recent evidence has demonstrated 
the usefulness of neuropsychological assessment following the resolution of symptoms.  
Several studies have presented results of clinically significant samples presenting with 
neuropsychological deficits after the resolution of concussive symptoms, demonstrating the 
usefullness of its inclusion in increasing the overall sensitivity of the assessment paradigm 
(McCrea et al., 2005; Van Kampen, Lovell, Pardini, Collins, & Fu, 2006).  Additionally, 
neuropsychological test performance has been shown to not be related to severity of 
concussion on several established concussion grading scales (Hinton-Bayre & Geffen, 2002).  
While more evidence is needed to further strengthen the case for the use of 
neuropsychological evaluation in the management of concussion, there appears to be a clear 
benefit to its presence in the current recommended testing paradigm. 
 A variety of neuropsychological assessment tools have been validated to examine 
cognitive deficits of concussion immediately and in the days following injury.  A number of 
paper and pencil tests as well as computerized test batteries are currently available to 
measure cognitive performance in the days following injury with comparable effect sizes 
found between assessment techniques (Belanger & Vanderploeg, 2005).  Meta-analytical 
data suggests that the largest acute effect sizes post injury by cognitive domain are found in 
acquisition memory, delayed memory, and global cognitive ability and with the exception of 
delayed memory, the testing within the other neuropsychological domains was not sensitive 
to the residual effects of concussion (Belanger & Vanderploeg, 2005).  The use of 
neuropsychological assessment tools immediately post-injury and in the days following 
injury provides objective data to make safe and accurate return to play decisions.   
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 Several factors have been shown to influence the findings of neuropsychological 
evaluation.  The presence of a diagnosed learning disability as well as a history of multiple 
concussive injuries has been shown to lead to poor performance following concussion (M. 
W. Collins et al., 1999).  Also, the presence of headache at preseason baseline as well as in 
the day following injury has been shown to lead to poorer performance following concussive 
injury (Register-Mihalik, Guskiewicz, Mann, & Shields, 2007).  The presence of retrograde 
amnesia, post traumatic amnesia, as well as greater than 5 minutes of mental status change at 
the time of injury have all been shown to be predictive of poor neuropsychological 
performance at 2 days following injury (M. W. Collins et al., 2003). 
 While controversial, neuropsychological evaluation appears to add important 
information necessary to the assessment of concussion.  Care must be taken in the 
interpretation of scores, taking into clinical presentation as well as history of concussion 
when make return to play decisions following injury. 
Postural Stability 
 Balance assessment is an important component of the evaluation of concussion.  
Clinical tests such as the Balance Error Scoring System (BESS) and the Sensory 
Organization Test have been shown to reveal deficits up to 3 to 5 days following concussive 
injury (Guskiewicz et al., 2001; McCrea et al., 2003).  These deficits are a result of errors in 
the integration of sensory information from the visual, vestibular, and somatosensory system 
(Guskiewicz, Riemann, Perrin, & Nashner, 1997). 
Balance is the process of maintaining the center of gravity (COG) within an 
individual’s base of support.  Afferent information is processed in the central nervous system 
at the cerebral cortex, cerebellum, basal ganglia, brainstem, and spinal cord with the end 
 31 
product being refined efferent motor outputs to the appropriate skeletal muscle systems.  
These coordinated movement patterns are maintained through the continuous sending and 
receiving of information through this feedback loop, allowing for adaptability to changes in 
the external environment.  The visual, somatosensory, and vestibular are the main 
contributing systems in regards to the maintenance of balance.  Healthy individuals usually 
rely on one of these systems at a time for the maintenance of balance with somatosensory 
information usually being utilized preferentially (Guskiewicz, 2001).  In concussed subjects, 
evidence has suggested that the visual and vestibular inputs to balance are negatively 
affecting, suggesting deficits in the ability to integrate sensory information in these 
subjects(Guskiewicz et al., 2001).  
Objective measures of balance performance are important components of the current 
recommended concussion assessment paradigm (Guskiewicz et al., 2004; McCrory et al., 
2005; Oliaro, Anderson, & Hooker, 2001).  Using a balance assessment in conjunction with 
cognitive and symptom assessments has been shown to have a combined sensitivity 
exceeding 90% in the assessment of concussion (Broglio, Macciocchi, & Ferrara, 2007).  
There are several options currently available to clinicians in order to accomplish this.  The 
Romberg test has been used widely in years past by clinicians for the assessment of 
concussion, but has recently fallen out of favor due to the availability of more objective and 
quantifiable balance assessments (Guskiewicz, 2001).  Tests such as the Balance Error 
Scoring System (BESS) and Sensory Organization Test (SOT) are used clinically to provide 
objective information to assess and track recovery from concussion. 
The SOT on the NeuroCom Smart Balance Master has been shown to be sensitive to 
balance deficits following concussive injury, with recovery occurring between day 3 and 10 
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following injury (Guskiewicz et al., 2001; Peterson, Ferrara, Mrazik, Piland, & Elliott, 2003).  
The SOT is designed to systematically disrupt visual, somatosensory, and vestibular 
information in order to detect sensory integration deficits associated with concussion.  
Outcome measures include an overall composite score representing total test performance as 
well as individual visual, vestibular, and somatosensory ratio scores representing specific 
contributions of each system to balance.  Evidence has revealed post injury deficits to the 
visual and vestibular as revealed by these ratio scores in the days following concussion 
(Guskiewicz et al., 2001).  While useful for making return to play decisions, the SOT is often 
not available in most clinical environments due to the size, portability, and cost of the 
necessary instrumentation.  The validation of the BESS has provided a cost effective 
alternative for these situations. 
The BESS is a widely used clinical testing battery which is sensitive to balance 
deficits 3 to 5 days following concussive injury (McCrea et al., 2003; Riemann & 
Guskiewicz, 2000).  The BESS requires the subject to vary stance (double-leg, single-leg, 
and tandem) and support surface (firm and medium density foam) while performing 6 20-
second trials with the eyes closed.  Performance is measured in terms of the number of 
deviations from normal upright stance.  Evidence supports the BESS scores as a comparable 
alternative to force platform sway measurements, providing a useful option when the 
necessary instrumentation in unavailable (Riemann, Guskiewicz, & Shields, 1999).  An 
increase of 3 or more errors from those obtained during baseline performance assessments 
has been shown to be a significant finding when assessing concussion (Valovich McLeod, 
Barr, McCrea, & Guskiewicz, 2006).  Certain considerations must be made when 
administering and interpreting scores from the BESS.  Sideline administration of the BESS 
 33 
has been shown to impair performance when compared to a controlled clinically 
environment, demonstrating the need for a consistent testing environment (Onate, Beck, & 
Van Lunen, 2007).  A learning effect has been demonstrated with repeat administration of the 
BESS and its presence or absence must be accounted for in the interpretation of scores 
(Valovich McLeod et al., 2004; Valovich, Perrin, & Gansneder, 2003).  Fatigue has also been 
shown to significantly decrease performance on the BESS, but performance has been shown 
to recover after approximately 20 minutes (Susco, Valovich McLeod, Gansneder, & Shultz, 
2004; Wilkins, Valovich McLeod, Perrin, & Gansneder, 2004).  Despite these specific 
considerations with its use, the BESS provides a useful and readily available clinical balance 
assessment for use following concussive injury. 
 Recent evidence has revealed deficits in dynamic balance following concussive 
injury.  These deficits were detected well beyond that of those reported when using the SOT 
or the BESS, with altered gait patterns being detected as far as 28 days following injury and 
at 30 days with some dynamic balance stances (Slobounov, Cao, Sebastianelli, Slobounov, & 
Newell, 2008; Slobounov, Tutwiler, Sebastianelli, & Slobounov, 2006).   
 Clinical measures of balance such as the Balance Error Scoring System and Sensory 
Organization Test provide information on static balance performance that allows clinicians to 
track recovery from concussion.  Researchers have recently examined how subjects have 
performed under dynamic balance conditions, such as with a gait assessment, following 
concussion.  Changes have been seen in these subjects under dynamic conditions as much as 
28 days following injury, which is much longer than what has been previously reported in the 
literature.   
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Dual task Paradigm 
 It is well accepted that a multidisciplinary approach to the assessment of concussion 
is necessary to make safe and accurate return to play decisions.  Using this methodology, we 
are able to gather pertinent information regarding balance and cognitive function.  Questions 
have recently arose as to whether measures of dynamic balance performance and cognitive 
performance while under split attention may allow clinicians to make more accurate return to 
play decisions.   
 A discussion of the role of attention in cognitive function must first be made to make 
this argument.  The attention system should be viewed as independent of the information 
processing centers of the brain and like other systems, is able to communicate with multiple 
systems simultaneously(Posner & Petersen, 1990).  Attention has been theorized to consist of 
the alerting, orienting, and executive components.  The alerting component is responsible for 
the arousal to and ability to maintain effort while completing a task.  The orienting 
component gives direction to the other sensory processing systems that may be required for a 
task to allow for greater efficiency.  The executive component then ultimately focuses the 
necessary systems for a particular task and allows for adaptability by being able to switch 
between systems relative to the changing demands of a task(Fan, McCandliss, Sommer, Raz, 
& Posner, 2002; van Donkelaar, Osternig, & Chou, 2006) 
 Clinical measures of balance and cognitive function in our current concussion 
assessment model require subjects to focus their attention on one task at a time.  The 
information that is obtained from using this paradigm, while providing valuable information 
for assessing and tracking recovery from concussive injury, does not represent the true 
functional performance of this systems.  In order to do this, attention must be split between 
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these tasks in order to replicate the demands of everyday life and of sport.  Recent research in 
healthy and concussed subjects has helped to shed light on the effects of split attention on 
cognitive and balance performance.   
 Recent evidence in the literature has supported the role of attention in facilitating the 
interaction between cognition and balance.  An influence on balance and cognitive 
performance has been seen during the dual task condition in relation to the single task 
condition (Muller, Jennings, Redfern, & Furman, 2004; Rankin et al., 2000; Redfern et al., 
2001).  This influence has been shown to be directly proportional to the difficulty of the 
cognitive or balance task (Pellecchia, 2003) which may be exacerbated with increasing 
age(Huxhold, Li, Schmiedek, & Lindenberger, 2006),but may result in improved 
performance secondary to refining due to increased arousal in cases of lower difficulty tasks 
(Broglio et al., 2005; Hunter & Hoffman, 2001; Swan, Otani, Loubert, Sheffert, & Dunbar, 
2004).  There is evidence that the magnitude of this influence may be diminished by 
consciously shifting attention to one task (Andersson et al., 2002; Morioka, Hiyamizu, & 
Yagi, 2005).  Despite the ability to shift attention away from the maintenance of balance, 
evidence has suggested a hierarchy of control with balance being a priority over cognitive 
performance (Muller, Redfern, & Jennings, 2007; Siu, Catena, Chou, van Donkelaar, & 
Woollacott, 2008; Siu & Woollacott, 2007). 
  An examination of the effects of split attention in subjects following concussion has 
revealed deficits related to this interaction.  Evidence has suggested that attention deficits 
from concussion manifest themselves in the disengagement of attention from one stimulus 
when switching to another, which reduces the efficiency of the systems required when 
performing a dual task (Drew et al., 2007).  This has been supported by other studies which 
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have shown increased gait instability in concussed subjects under split attention as late as 28 
days following injury (Catena et al., 2007a; Parker, Osternig, Lee, Donkelaar, & Chou, 2005; 
Parker et al., 2006) as well as a significant correlation being shown between the deficits to 
reaction time and gait stability following injury under a dual task(Parker et al., 2007).  The 
magnitude of gait instability has also been shown to be task dependent, with question and 
answer tasks resulting in greater deficits than that elicited by reaction time tasks (Catena, van 
Donkelaar, & Chou, 2007b).   
 The application of split attention to clinical field tests for the assessment of 
concussion has yet to be closely examined.  Concussed subjects have been shown to adopt a 
more conservative gait during balance beam walking while under split attention, manifested 
by increased time needed for task completion (Peterson, 2002).  The effect of split attention 
for use in other dynamic and static measures of balance such as the Balance Error Scoring 
System has yet to be explored.  Further examination of potential dual task test batteries for 
use in the clinical environment is needed to continue to improve the standard of care for 
concussive injury.   
Methodological Considerations 
 Previous literature on dual tasking has utilized varied methodology limiting the 
ability to compare results between studies.  We chose to utilize clinical measures of balance 
and cognition that are already being used for concussion assessment to allow us to compare 
findings from the dual task with patterns observed in healthy and concussed subjects 
previously reported in the literature.  The tasks may be changed in future research based on 
the findings of this and other future studies, but our methodology is necessary in order to be 
able to reference our findings in the context of concussion assessment. 
 37 
Summary 
 The current standard of practice for the assessment and management of concussion 
involves a comprehensive evaluation of the symptomatology associated with concussion as 
well neuropsychological and balance performance measures.  While each domain provides 
valuable information regarding the presence of functional impairments of the brain, the 
current testing paradigm does not test the brain under functional conditions.  As 
demonstrated in recent findings examining subjects in a dual task paradigm, balance and 
cognitive function have an influence on each other when each system is challenged 
simultaneously.  These findings support the need for further examination of the interaction of 
balance and cognition, with implications to the future of concussion assessment and 
cognitive rehabilitation. 
 CHAPTER III 
Subjects 
 A sample of 30 healthy, physically active 18-25 year old males and females were 
recruited from the University of North Carolina at Chapel Hill. The sample consisted of 14 
males and 16 females of a mean age of 20.43±1.33 years old.  Demographic information is 
summarized in Tables 2 and 3.  Subjects were excluded from the study if they had a previous 
history of diagnosed concussion, lower extremity injury in the last 3 months, had been 
diagnosed with ADD/ADHD, if they had knowledge of the ANAM testing procedures,  if 
they have been previously diagnosed with a learning disability, or if English was not their 
primary language. 
Instrumentation 
NeuroCom Sensory Organization Test  
 The Sensory Organization Test (SOT) (Figure 1) performed on the NeuroCom Smart 
Balance Master was used to assess balance.  In sports medicine, the SOT has been typically 
used to assess a subject’s balance at baseline and following head injury.  The test selectively 
interrupts visual, somatosensory, and vestibular information to the subject, the three main 
contributors to static balance, while asking the subject to remain as still as possible over their 
base of support.  The test consists of six 20-second trials performed three times in random 
order.  The order of these trials is as follows (Figure 1): fixed support surface with a fixed 
visual surround (1), fixed support surface with the eyes closed (2), fixed support surface with 
a sway referenced visual surround (3), sway referenced support surface with a fixed visual 
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surround (4), sway referenced support surface with the eyes closed (5), and a sway 
referenced support surface with a sway referenced visual surround (6).  The data collected is 
used to calculate the contribution of the visual, somatosensory, and vestibular system to the 
static balance of the subject and an overall composite score representing the combined 
performance during that testing section.  The composite score is calculated by taking the 
condition 1 mean and the condition 2 mean and adding each mean to the raw scores for each 
trial of conditions 3-6.  The sum of these scores is found, the mean of conditions 1 and 2 are 
added to it again, and the sum is divided by the total number of trials for conditions 3-6 plus 
2.  Composite scores for the single task and dual task  were calculated manually using the 
equilibrium scores from each task.   
Procedural Reaction Time 
 Procedural reaction time (PRT) is one of the test modules used in the Automated 
Neuropsychological Assessment Metrics (ANAM) and is part of a battery of tests used to 
assess overall cognitive function of a subject.  The procedural reaction time test module was 
altered to last 20 seconds in order to approximate the duration of each trial of the SOT.  Pilot 
testing no significant difference between the long and short versions of the task (t8=-0.927, 
p=0.381) as well as no significant practice effect within test session (F4, 32=0.722, p=0.584).  
During the PRT, a number between 2 and 5 was presented on the screen to the subject.  If the 
numbers 2 or 3 are presented, the subject is asked to left click on the mouse.  If the numbers 
4 or 5 are presented, the subjects are asked to right click on the mouse.  The test combines 
the subject’s speed of responses with accuracy of responses to calculate a throughput score to 
describe overall performance on the test. 
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Auditory Procedural Reaction Time 
 The auditory procedural reaction time (APRT) module is an adaptation of the 
computer based procedural reaction time test module.  The APRT module is a 20 second test 
during which an auditory stimulus of 2, 3, 4, or 5 is given to the subject to which the subject 
verbally responds “left” to 2 or 3 and “right” to 4 or 5.  The auditory stimulus is presented 
using audio files recorded on a computer during which the numbers 2 through 5 were 
randomly spoken at a pace of one stimuli per every 1.5 seconds.  Random number lists were 
generated using the Microsoft Excel program, with a total of 12 audio files being created.  
The audio files were transferred to an Ipod mp3 player, which is used to play the files during 
the test via external speakers.  Data was recorded using a digital audio recorder with each 
trial being scored for accuracy of responses after the test session was completed. 
Balance Error Scoring System 
 The Balance Error Scoring System (BESS) (Figure 2) is a clinical balance measure 
designed to assess postural stability following a concussion.  The BESS utilizes 3 stances 
performed on a firm surface and repeated on medium density foam (Airex Balance Pad; 
Alcan Airex, Switzerland).  The stance conditions are double leg stance, single leg stance on 
the dominant leg, and tandem stance with the dominant leg behind the non-dominant leg.  
The dominant leg is defined as the leg used to plant with when kicking a ball.  Each trial is 
20 seconds long and is performed with the eyes closed.  The numbers of deviations from 
upright, stable posture are recorded.  The total number of errors over the 6 testing conditions 
represents performance.  Errors include opening of the eyes, greater than 30 degrees of hip 
abduction, toes or heels being picked up off the ground, hands being taken off hips, touch 
downs with the suspended leg, or being out of test position for greater than 5 seconds. 
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Procedure 
 Subjects were tested in two test sessions occurring exactly 14 days apart.  During 
each test session, subjects were asked to perform the PRT, APRT, SOT, and BESS in a single 
task and a dual task.  The order of administration of the balance conditions differed between 
test sessions, with the single and dual task conditions of the SOT being performed before the 
BESS during one session and the opposite occurring during the other session.  The order of 
administration of the balance conditions was counter balanced between test sessions.    
Orientation of Tasks 
At the beginning of each testing session, subjects were asked to perform 5 trials of the 
PRT and auditory PRT (APRT) test batteries alone in order to obtain baseline performance 
measures for these tasks.  The single task performance variable was then determined to be the 
average of the 5 PRT throughput scores and APRT accuracy scores.  One trial of the APRT 
test battery was also performed before beginning each of the balance test batteries to reorient 
subjects to the task.  Each of the reorientation trials were scored but not included in the final 
statistical analysis. 
SOT 
The first time through the balance trials on the SOT were performed under the single 
task condition (task orientation), after which there were two more sets of the conditions.  Of 
the 2 remaining series of trials, one set was under dual task conditions and the other 
performed under the single task condition.  The order of the final two trials of the SOT was 
flipped for the second test session for each subject and was counterbalanced between 
subjects.   
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During the dual task trials with the eyes open on the SOT, the viewing pane in the 
field of the visual surround was opened, revealing a monitor displaying the procedural 
reaction time test modules.  The procedural reaction time modules were modified to last for 
20 seconds, corresponding with the duration of each of the trials of the sensory organization 
test.  The subject was given a computer mouse to hold in his or her dominant hand at their 
side to perform the test.  The subject was then instructed to begin the PRT test module with 
the beginning of each eyes open balance trial.  A throughput score was generated by the 
computer for each of the trials.  The average of the 4 throughput scores for each of the eyes 
open conditions was used to represent dual task PRT performance on the SOT in the 
statistical analysis.   
During the two trials of the SOT performed with the eyes closed, the APRT test 
battery was performed.  The audio files were played over external speakers controlled by the 
tester.  The recording provided a stimulus every 1.5 seconds, with the first response given 
being scored as correct and incorrect by the tester.  The accuracy score was calculated for 
each of the trials as described previously in the text.  The average of the two accuracy scores 
was used as the dual task performance for APRT on the SOT in the statistical analysis.  Each 
APRT test was 20 seconds long coinciding with the length of each trial on the SOT. 
The composite score representing balance performance during the dual task and 
single task conditions was calculated manually.  For each individual trial, an equilibrium 
score was generated by a computer representing balance performance on that trial.  The 
composite score for the single task condition was calculated as the average of the equilibrium 
scores for condition 1 and for condition two under the single task condition, and adding those 
two scores to the sum of the two trials of single task equilibrium scores for conditions 3-6.  
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The dual task composite score was calculated as the average of the equilibrium scores from 
the 6 dual task SOT conditions. 
BESS 
 The BESS was performed under the single and dual task conditions during each test 
session.  The total error score for the single and dual task BESS was the sum of the total 
errors, defined in the instrumentation section, for each of the trials of the respective testing 
conditions.  A maximum of 10 errors was counted for any individual trial.  The dual task 
BESS always followed the single task BESS in order to allow the subject to familiarize 
themselves with the test.  The testing procedure for the BESS was performed as described in 
the instrumentation section.  During the dual task BESS, external speakers controlled by the 
tester played the APRT test.  The APRT tests each lasted 20 seconds, coinciding with the 
length of each trial in the BESS.  An accuracy score for each trial was computed as described 
previously in the text.  The average of the accuracy scores from the 6 trials was used as the 
dual task performance for APRT on the BESS in the statistical analysis.     
 The single task and dual task BESS were videotaped for all subjects.  The principal 
investigator scored the BESS from the videotape and it was also independently scored by 
another clinician (co-investigator).  The results were analyzed between testers to determine 
intratester and intertester reliability of the scores.  Good intertester reliability and precision 
was seen for the single task (ICC 2, k = 0.79, SEM = 1.65) and dual task (ICC 2, k = 0.81, SEM 
= 1.87) BESS total error scores. 
Data Analysis 
 All data analyses were conducted using SPSS 15.0 (Chicago, IL).  When analyzing 
cost to performance on the SOT composite score, BESS total error score, PRT throughput 
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score, and APRT accuracy score, cost was defined as the difference between performance on 
the dual task and performance on the single task.   
Research Question 1  
Differences in balance performance on the SOT and the BESS between the dual task 
and single task condition were analyzed using separate two, 2-way within subjects ANOVAs.  
Research Question 2 
In order to examine cost to balance performance between the two balance conditions 
a percent change was calculated from the performance under the single task condition to 
performance under the dual task condition.  We performed this calculation in order to make a 
fair comparison between the BESS and SOT. This calculation was made by dividing the 
difference between the dual task and single task performance measures by the single task 
performance score and then multiplying the dividend by 100 (DT-ST/ST X 100). The 
difference between the percentage cost to balance performance between the SOT and the 
BESS from the dual task to the single task condition was analyzed with a paired samples t-
test.    
Research Question 3 
Differences in PRT and APRT performance between the dual task and single task 
conditions were analyzed using seperate three, 2-way within subjects ANOVAs.  
Research Question 4 
 The difference between APRT performances on the eyes closed conditions on the 
SOT and on the BESS was analyzed using a paired samples t-test on the average accuracy 
scores on each test battery. 
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Research Questions 5 and 6 
 The reliability of the SOT composite score, BESS total error score, PRT throughput 
score, and APRT accuracy score during the single task between test sessions was calculated 
using two ICC2,1 and two ICC2,k.  The reliability of SOT composite score, BESS total error 
score, PRT throughput score, and APRT accuracy score on the SOT and the BESS during the 
dual task were analyzed with two ICC2,1 and three ICC2,k.  
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Table 1. Testing Protocol 
Healthy Subjects 
Initial Session Follow-up 14 Days Later 
PRT 
APRT 
SOT 
1. Normal 
2. Normal or Dual task 
3. Condition not tested in step 2 
BESS (Normal) 
APRT 
BESS (Dual task) 
PRT 
APRT 
SOT 
1. Normal 
2. Normal or Dual task 
3. Condition no tested in step 2 
BESS (Normal) 
APRT 
BESS (Dual task) 
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1. What is the difference in performance on a postural stability task during a dual task when compared to performance during a single 
task? 
Research Question Comparison Data Source Methods 
1a. What is the difference in 
balance performance during a 
dual task versus a single task as 
measured by the SOT? 
Dual Task Balance vs. Single 
Task Balance (SOT Composite 
Score) 
IV: 
• Time 
• Condition – Dual Task 
vs. Single Task 
DV: 
• SOT Composite Score 
(1)  2-way within subjects 
ANOVA 
1b.What is the difference in 
balance performance during a 
dual task versus a single task as 
measured by the BESS? 
Dual Task Balance vs. Single 
Task Balance (Total BESS 
Error Score) 
IV: 
• Time 
• Condition – Dual Task 
vs. Single Task 
DV: 
• Total BESS Error Score 
(1)  2-way within subjects 
ANOVA 
 
 
 
 
2. What is the difference in cost to performance between balance tasks when performed under a dual task compared to a single task?  
Research Question Comparison Data Source Methods 
2a. What is the difference 
between balance test batteries 
in terms of cost to balance 
during a dual task as measured 
by percent change in balance 
performance on the SOT and 
the BESS? 
Dual Task SOT vs. Dual Task 
BESS (% Change) 
IV: 
• Task – DT SOT vs. DT 
BESS 
DV: 
• % change in balance 
performance as 
measured by composite 
score and BESS total 
error score 
Paired Samples T-Test 
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3. What is the difference in performance on a procedural reaction time task during a dual task when compared to performance during a 
single task? 
Research Question Comparison Data Source Methods 
3a. What is the difference in 
procedural reaction time test 
performance as measured by 
throughput score during a dual 
task on the eyes open 
conditions of the SOT versus a 
single task?  
Dual Task vs. Single Task PRT 
(Throughput Score) 
IV: 
• Time 
• Condition – Dual Task 
vs. Single Task 
DV: 
• PRT Throughput Score 
(1)  2-way within subjects 
ANOVA 
3b. What is the difference in 
auditory procedural reaction 
time test performance as 
measured by accuracy during a 
dual task on the eyes closed 
conditions of the SOT versus a 
single task? 
Dual Task vs. Single Task PRT 
(Accuracy) 
IV: 
• Time 
• Condition – Dual Task 
vs. Single Task 
DV: 
• APRT Accuracy Score 
(1)  2-way within subjects 
ANOVA 
3c. What is the difference in 
auditory procedural reaction 
time test performance as 
measured by accuracy during a 
dual task BESS test versus a 
single task? 
Dual Task vs. Single Task PRT 
(Accuracy) 
IV: 
• Time 
• Condition – Dual Task 
vs. Single Task 
DV: 
• APRT Accuracy Score 
(1)  2-way within subjects 
ANOVA 
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4. What is the difference in cost to accuracy on a procedural reaction time task when performed under a dual task compared to a single 
task between two different balance tasks?  
Research Question Comparison Data Source Methods 
4a. What is the difference in 
auditory procedural reaction 
time test performance between 
balance test batteries during a 
dual task as measured by 
accuracy score? 
Dual Task APRT on the SOT 
vs. Dual task APRT on the 
BESS 
IV: 
• Task – DT SOT vs. DT 
BESS 
DV: 
• APRT Accuracy Score 
Paired Samples T-Test 
5. What is the reliability of measures of procedural reaction time and balance performance during a single task across test sessions? 
Research Question Comparison Data Source Methods 
5a. What is the reliability of 
balance performance on the 
SOT during a single task as 
measured by composite score 
across test sessions? 
Single Task SOT vs. Single 
Task SOT (Composite Score) 
IV:  
• Time 
DV: 
• SOT Composite Score 
ICC2,1 
SEM 
5b. What is the reliability of 
balance performance on the 
BESS during a single task as 
measured by total error score 
across test sessions? 
Single Task BESS vs. Single 
Task BESS (BESS Total Error 
Score) 
IV:  
• Time 
DV: 
• BESS Total Error Score 
ICC2,1 
5c. What is the reliability of 
procedural reaction time 
performance during a single 
task as measured by throughput 
score across test sessions? 
Single Task PRT vs. Single 
Task PRT (Throughput Score) 
IV:  
• Time 
DV: 
• PRT Throughput Score 
ICC2,k 
5d. What is the reliability of 
auditory procedural reaction 
time performance during a 
single task as measured by 
accuracy score across test 
sessions? 
Single Task APRT vs. Single 
Task APRT (Accuracy Score) 
IV:  
• Time 
DV:  
• APRT Accuracy Score 
ICC2,k 
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6. What is the reliability of measures of reaction time and balance performance during a dual task across test sessions? 
Research Question Comparison Data Source Methods 
6a. What is the reliability of 
balance performance on the 
SOT during a dual task as 
measured by composite score 
across test sessions? 
Dual Task SOT vs. Dual Task 
SOT (Composite Score) 
IV:  
• Time 
DV: 
• SOT Composite Score 
ICC2,1 
6b. What is the reliability of 
balance performance on the 
BESS during a dual task as 
measured by total error score 
across test sessions? 
Dual Task BESS vs. Dual Task 
BESS (Total Error Score) 
IV:  
• Time 
DV: 
• BESS Total Error Score 
ICC2,1 
6c. What is the reliability of 
procedural reaction time 
performance during a dual task 
on the eyes open conditions of 
the SOT as measured by 
throughput score across test 
sessions? 
Dual Task PRT vs. Dual Task 
PRT (Throughput Score) 
IV:  
• Time 
DV: 
• PRT Throughput Score 
ICC2,k 
6d. What is the reliability of 
auditory procedural reaction 
time performance during a dual 
task on the eyes closed 
conditions of the SOT as 
measured by accuracy score 
across test sessions? 
Dual Task APRT on the SOT 
vs. Dual Task APRT on the 
SOT (Accuracy Score) 
IV:  
• Time 
DV: 
• APRT Accuracy Score  
ICC2,k 
6e. What is the reliability of 
auditory procedural reaction 
time performance during a dual 
task on the BESS as measured 
by accuracy score across test 
sessions? 
Dual Task APRT on the BESS 
vs. Dual Task APRT on the 
BESS (Accuracy Score) 
IV:  
• Time 
DV: 
• APRT Accuracy Score 
ICC2,k 
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Figure 1. Sensory Organization Test Conditions 
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Figure 2. Balance Error Scoring System Testing Conditions 
 
 CHAPTER IV 
Results 
 The purpose of this study was to examine the cost to procedural reaction time and 
balance when splitting attention between these two tasks during a dual task compared to 
performance under a single task.  This was accomplished by testing healthy subjects on some 
of the pre-established tools used for the assessment of concussion and then modifying these 
procedures to allow for concurrent test administration.  Combinations of two balance test 
batteries as well as a visual and auditory version of the procedural reaction time test battery 
were administered during two test sessions exactly 14 days apart.  The demographic 
information on the study participants is presented in Tables 2 and 3.  Descriptive data 
including means, standard deviations, statistical results, effect size, Power, ICC, and SEM are 
presented in Tables 2-4. 
Research Question 1 
 We examined the difference in balance performance on the Sensory Organization 
Test (SOT) and on the Balance Error Scoring System (BESS) during a dual task compared to 
a single task (Table 4).  Two separate 2-way within subjects ANOVAs were generated to 
examine research question one with test session and task used as the within subjects factors.  
Results on the SOT revealed a significant main effect for test session (F1, 29= 35.695, p< 
0.0005) and task (F1, 29=9.604, p=0.004).  There was no significant test by task interaction 
(F1, 29=0.340, p=0.564). Results from the BESS revealed no significant main effect for test 
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session (F1, 29=0.004, p=0.953) or task (F29=1.961, p=0.172).  There was also no significant 
test by task interaction (F1,29=2.460, p=0.128). 
Research Question 2 
A paired samples t-test was used to determine if there was a difference to the cost (% 
change) to balance performance between the BESS and the SOT.  Cost was calculated as the 
difference between dual and single task performance, divided by single task performance, 
with the dividend multiplied by 100 (dual task-single task/single task x 100).  The findings 
revealed that there was a significant difference in the cost between these two measures of 
balance (t29=-2.064, p=0.048) with balance performance on the BESS (14.236 ± 31.003) 
showing a greater percentage cost compared to balance performance on the SOT (1.993 ± 
4.873) during a dual task.  Results are summarized in Figure 3. 
Research Question 3 
 Three separate, 2-way within subjects ANOVAs were used to examine the difference 
in PRT and APRT performance on the SOT and on the BESS during a dual task compared to 
a single task (Table 4).  Results for the PRT test battery during the eyes open conditions of 
the SOT revealed a significant main effect for test session (F1, 29=57.252, p<0.0005) and task                   
(F1, 29=7.673, p=0.010) but there was no significant test by task interaction (F1, 29=0.082, 
p=0.777).  Results of the APRT test during the eyes closed conditions of the SOT revealed 
no significant main effect for test session (F 1, 29=3.940, p=0.057), task (F1, 29=0.023, 
p=0.880), or a test by task interaction   (F1, 29=0.002, p=0.962).  APRT tests on the BESS also 
revealed no significant main effect for test session (F1, 29=3.678, p=0.065), task (F1, 29=2.225, 
p=0.147), and test by task interaction (F1, 29=0.342, p=0.563). 
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Research Question 4 
 A paired samples t-test was used to determine if there was a difference in the cost to 
APRT performance between the dual task conditions on the SOT and the BESS.  There was 
no significant difference in cost found between these two measures of balance (t29=1.359, 
p=0.185). (Figure 4) 
Research Question 5 and 6 
 The reliability of the SOT composite score, BESS total error score, PRT throughput 
score, and APRT accuracy score across test sessions for the single task and dual task 
conditions were examined with ICC2, 1 and ICC2, k.  Results along with the standard error of 
measurement for each variable are presented in Table 6.
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Table 2. Age, Height, and Weight Means and Standard Deviations 
 Mean SD (±) 
Age (years) 20.43 1.33 
Height (cm) 173.44 9.28 
Weight  
(kg) 79.03 19.29 
 
 
Table 3. Gender Frequencies and Percentages 
 Frequency Percent 
Male 14 46.7 
Female 16 53.3 
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Table 4. Task and Test Means and Standard Deviations and Analysis of Variance Results 
         Interaction Effect Main Effect Main Effect 
 Session 1 Session 2 Task*Session Task Session 
Outcome Variable Single Dual Single Dual F p F p F p 
SOT Composite Score 79.203±4.432 81.433±5.501 84.232±5.332 85.722±3.710 F1,29=0.34 p=0.564 F1,29=9.604 p=0.004 F1,29=35.695 p<0.0005 
BESS Total Error 
Score 12.800±4.979 12.667±5.384 12.033±4.271 13.500±5.625 F1,29=2.46 p=0.128 F1,29=1.961 p=0.172 F1,29=0.004 p=0.953 
PRT Throughput 
Score 117.247±8.536 120.046±9.619 130.721±12.966 134.179±14.551 F1,29=0.082 p=0.777 F1,29=7.673 p=0.010 F1,29=57.252 p<0.0005 
APRT Accuracy 
ScoreSOT 97.823±2.414 97.779±4.042 98.756±1.677 98.668±1.877 F1,29=0.002 p=0.962 F1,29=0.023 p=0.880 F1,29=3.94 p=0.057 
APRT Accuracy 
ScoreBESS 97.823±2.414 97.408±2.952 98.756±1.677 97.964±1.937 F1,29=0.342 p=0.563 F1,29=2.225 p=0.147 F1,29=3.678 p=0.065 
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Table 5. Effect Sizes and Power of Analysis of Variance Results 
 Interaction Effect Main Effect Main Effect 
 Task*Session Task Session 
Outcome Variable Effect Size Power Effect Size Power Effect Size Power 
SOT Composite Score 0.108 0.11 0.575 0.97 1.109 0.99 
BESS Total Error Score 0.291 0.49 0.260 0.49 0.011 < 0.06 
PRT Throughput Score 0.053 0.06 0.514 0.97 1.405 0.99 
APRT Accuracy ScoreSOT 0.009 < 0.06 < 0.028 0.06 0.369 0.77 
APRT Accuracy ScoreBESS 0.109 0.11 0.277 0.49 0.356 0.77 
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Table 6. Intraclass Correlation Coefficients and Standard Error of Measurement for 
Observed Results 
 Single Task Dual Task 
Outcome Variable ICC SEM ICC SEM 
SOT Composite Score 0.245 4.24 0.318 3.803 
BESS Total Error Score 0.676 2.633 0.662 3.198 
PRT Throughput Score -0.038 8.31 0.501 8.537 
APRT Accuracy ScoreSOT 0.279 1.736 0.142 2.742 
APRT Accuracy ScoreBESS N/A* N/A* 0.513 1.706 
*APRT ICC and SEM single task calculations listed under APRT Accuracy ScoreSOT
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Figure 3. Balance Percentage Cost Differences Between the SOT and BESS* 
Balance Percentage Cost Differences
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* The percentage cost represents a decline in BESS performance (increased error score) and an 
improvement in SOT performance (increased composite score) 
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Figure 4. APRT Performance Differences Between the SOTEyes Closed Conditions and BESS 
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 CHAPTER V 
Discussion 
 In healthy, physically active individuals, the introduction of a cognitive task aimed at 
attention and processing speed did not cause significant balance deficits.  This finding 
supports what we know intuitively, that most normal, healthy people have the capablity of 
being able to process two things at once.  We see examples of this in our everyday lives with 
even the simplest tasks of talking and walking at the same time.  We also see examples of 
this in sport, when we see the point guard dribbling through defenders while executing a set 
play.  The ability to be able to split attention is something that we assume.  When this 
attention splitting ability may be challenged is following a concussive injury.  Acutely 
following injury, evidence in the research has revealed balance deficits due to problems with 
sensory integration (Guskiewicz, 2001; Guskiewicz et al., 2001) as well as depressed overall 
cognitive function (Bleiberg et al., 2004).  As clinicians, we are able to use this information 
to track recovery following injury up to when we return these athletes to sport.  Our current 
methodology for quantifying these measures has a flaw in that it fails to grasp how these two 
systems will interact with one another when subjects are required to split their attention 
between the two.  Some recent evidence has demonstrated the need to examine this 
interaction under split attention, with deficits to dynamic balance being shown (Parker et al., 
2006) as long as 28 days following injury.  In our study, we have begun to examine this 
interaction using the assessment tools used in our current paradigm.  Based upon what we 
currently know about the effects of concussive injury and our findings in this study, we are 
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able to see the potential for a dual task assessment to be a more sensitive test to concussion 
than the individual measures performed alone.  
Dual Task Balance 
  The first portion of our study examined the effect of a dual task on performance 
variables obtained from the Sensory Organization Test (SOT) and the Balance Error Scoring 
System.  The analysis between the single task and dual task condition on the SOT revealed a 
significant main effect for test session and for task.  The main effect for test session revealed 
that when collapsing the performance mean across task, there was a significant improvement 
in scores from test session 1 to test session 2.  Upon further examination, the magnitude of 
this effect appeared to be approximately equal between the two conditions.  This represents a 
practice effect between test sessions that was independent of task.  This finding is similar to a 
previous finding revealing a learning effect in healthy subjects under the single task 
condition upon serial administration of the SOT (Wrisley et al., 2007).  This study reported 
that practice effects occurred upon administration over 6 test sessions.  The main effect for 
task revealed an overall improvement in balance performance on the SOT under the dual 
task.  Similar improvement in balance performance has been shown previously with the 
addition of a simple cognitive task (Broglio et al., 2005; Swan et al., 2004).  Broglio et al 
revealed improvement on the SOT with a task switching task, but only performed the test 
during the eyes open conditions of the SOT.  Swan et al presented similar findings while 
performing eyes open and eyes closed balance tasks, with sway referenced surface conditions 
present in the testing battery.  These studies proposed a potential refinement of the pathways 
responsible for each of these tasks due to this interaction.  A potential explanation for this 
interaction may be that a dual task is testing these subjects in a more functional manner by 
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more closely replicating the demands of everyday life.  Previous work has demonstrated this 
interaction and that the magnitude of this effect is proportional to the difficulty of each of the 
tasks (Pellecchia, 2003).  Both authors acknowledged that the improvement in balance 
performance in their studies was most likely due to the simplicity of the cognitive and 
balance conditions chosen for the dual task and that different results may have been seen 
with more complex tests.  If indeed that testing under this dual task presents a more 
functional modality for testing, then an improvement in scores with the combination of two 
relatively simple tasks may be a reasonable expected outcome.   
While providing important information about the performance of the systems 
involved in balance, the role of the SOT in a dual task may be limited due to the relatively 
simplistic nature of the balance task being performed.  Future research should explore 
performance during a dual task on the SOT in concussed subjects in order to make further 
conclusions of the value of the SOT in this testing paradigm. 
 Our results on the BESS differed from those on the SOT in that we found no 
significant changes between tasks.  To our knowledge, ours was the first study that attempted 
combining a cognitive task with the BESS and therefore we were unable to compare our 
findings with previous work, but when comparing our findings with expected behavior on the 
BESS during the single task we were able to make several interesting comparisons.  Our 
methodology called for the dual task BESS to always follow the single task.  Based on 
previous research, the lack of a within test session practice effect may in itself be a 
significant finding.  Under the single task condition in healthy subjects, serial administration 
of the BESS has been shown to result in a practice effect across test sessions (Valovich 
McLeod et al., 2004; Valovich et al., 2003).  Based on this finding, we should have 
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potentially seen an improvement in dual task scores with consecutive administration of the 
test shown by a significant test session by task interaction.  Instead, we saw no change in 
performance between the tasks.  Therefore, in this case, the cost to balance may be 
represented by the lack of a within test session practice effect.  The methodologies of these 
studies differed in that the BESS was administered a total of 5 times in each protocol with the 
final test being administered 30 days following the first in one study and 60 days following 
the first in the other.  Future studies should examine this relationship across over serial 
administration in order to draw further conclusions about this relationship. 
 We also did not observe a significant main effect for task.  This finding differs from 
the improvement in performance demonstrated SOT, but the results of this finding may be 
explained by the nature of the difficulties experienced between the balance tasks.  The BESS 
findings of the BESS have been have been shown to be comparable to similar force platform 
measures of balance performance (Riemann et al., 1999).  While comparable, the nature of 
the BESS is such that there is an inherent unpredictability that is not present in the SOT test 
battery.  While the SOT is able to isolate each of the 3 contributory senses to the maintenance 
of static balance, the outcome variable only takes into account the amount of sway one 
direction, anterior and posterior.  The BESS involves 6 different measurable errors as well as 
the ability to correct from the errors that can occur in multiple planes.  This unpredictability 
as well as the requirement to make the necessary corrections from these errors allows us to 
make the assumption that the BESS may be a more difficult balance task than the SOT.  
Taking this into account as well as multiple previous accounts in the literature citing the 
influence that balance and cognition have upon one another (Muller et al., 2007; Siu et al., 
2008; Siu & Woollacott, 2007) as well as that the magnitude of this influence being directly 
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proportional to the difficulty of the respective tasks (Pellecchia, 2003) provides an 
explanation as to why the improvements seen on the SOT were not seen on the BESS under 
the dual task condition.  In order to try to quantify the magnitude of this difference between 
the SOT and the BESS, we examined the cost of performance between the single and dual 
task conditions by converting the outcome variables to percentage of change scores between 
the two tasks.  We examined this in session two rather than session one in order to try and 
eliminate any learning effect.  The results revealed a significantly larger cost while 
performing the BESS under the dual task condition when compared to the SOT, providing 
further explanation as to why there were no other significant findings for the dual task BESS. 
Dual Task Procedural Reaction Time 
 The second portion of our study examined the influence of a dual task on a procedural 
reaction time test performance.  The test was administered via two modalities.  During the 
eyes open conditions on the SOT, a computerized version of the test was administered.  
During the eyes closed conditions of the SOT and during the BESS, an auditory procedural 
reaction time (APRT) test was performed.  Analysis of each of these tests under the different 
balance conditions revealed a significant main effect for task and test session for the PRT test 
module, with significant improvement being found from test session 1 to test session 2 
collapsed by task and significant improvement during the dual task condition compared to 
the single task collapsed by test session.  There were no significant findings for APRT 
performance on the eyes closed conditions of the SOT as well as on the BESS, although the 
main effect for test session did approach significance for both conditions.  The main effect 
for session for PRT performance represents a practice effect between test sessions.  As was 
reported on the SOT, the magnitude of this effect with approximately the same for both tasks.  
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A practice effect for some neuropsychological test batteries have been demonstrated in the 
literature (Peterson et al., 2003).  While Peterson et al demonstrated these learning effects on 
paper and pencil tests which represent a different test administration modality than that was 
used in our study, when breaking down learning effects by domain the greatest improvement 
was seen in the domain of information processing speed, the category to which our test 
battery belongs.  Based on this information, we are able to draw the conclusion that this 
practice effect is independent of task.  The improvement in PRT performance from the single 
task to the dual task is supported by the findings Broglio et al who found an improvement in 
reaction time speed in a task switching test performed during the eyes open conditions of the 
SOT.  As previously mentioned, the improvement in reaction time and balance scores in this 
study were attributed to the simplicity of the tasks involved in the dual task.  As discussed in 
relation to the improvement in composite scores during the dual task SOT, splitting attention 
in healthy subjects may be a more functional task.  It therefore should be expected that 
subjects perform better when asked to split attention among easy tasks as opposed to 
performing a single task.  Assuming an absolute amount of attentional resources available 
within subjects, there has been shown to be a hierarchy of the allocation of these resources 
with balance receiving priority over cognition.  Considering that the BESS is a more difficult 
balance task, it therefore makes sense that there was not a significant main effect for task for 
the APRT performed with the BESS as well as on the eyes closed conditions of the SOT due 
to the fact that more resources were allocated to maintain balance during these more difficult 
balance conditions.    
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Reliability 
 Reliability scores ranged from moderate (0.676) to poor (0.142) were seen in each of 
the performance variables.  The BESS total error scores under the single task (0.676) and 
dual task (0.662) as well as the APRT accuracy score performed on the BESS (0.513) were 
the most stable while scores obtained on the SOT and the PRT test modules ranged from 
0.501 to 0.142.  The moderate reliability seen in the BESS may be the result of a small 
sample size and insufficient number of serial administrations, which would increase the 
variability of the results.  A practice effect for the BESS during a single task has been 
reported in the literature, but significant findings were not seen until third serial 
administration of the BESS (Valovich et al., 2003).  While direct comparisons can not be 
made with our findings, the presence of a practice effect for the BESS demonstrates the need 
to incorporate more serial test sessions in order to make stronger inferences about the 
stability of the dual task BESS performance measures across test sessions.  With the 
incorporation of a larger sample as well as more serial administrations, we should expect to 
see improved findings for reliability, representing good stability of the measure.  This along 
with a relatively low standard error of measurement (Table 6) demonstrates the potential for 
the dual task BESS to be a more sensitive test to concussion than the BESS performed alone.  
The reliability of performance on the SOT has been reported in the literature as moderate to 
good (Wrisley et al., 2007), which differs from our findings of fair reliability seen during the 
dual task and the single task.  A possible explanation for this variability may be due to the 
increased complexity of the task as well as changes in testing order being made between 
sessions.  Subjects were to perform the dual task condition of the SOT following the two 
single task trials in one of their sessions, while being asked to perform the dual task in 
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between the single task trials in the other.  The different presentation of the trials within each 
subject may explain the variability in the performance across test sessions.  As with the 
BESS, the variability of these scores may have been influenced by having an insufficient 
sample and number of serial administrations of the test.  In order to make more definitive 
conclusions as to the stability of these dual task scores, future studies should examine the 
effects of serial administration of this testing paradigm on the reliability of the performance 
measures.  The fair reliability on the SOT demonstrated in our results has negative 
implications regarding the feasibility of the SOT for use in the clinical setting.  It is important 
to ensure that the measure in use is stable in order for a clinician to make confident decisions 
regarding the status of the recovery of the athletes following injury.  Further examination of 
these testing procedures is required in healthy and injured populations in order to make 
determinations about the reliability of these testing paradigms for clinical use. 
Limitations 
 Although our study revealed important findings regarding the effect of a dual task in 
our current clinical testing paradigm for the assessment of concussion, as with any study, it is 
not without limitations.  The reliability of the outcome measures was performed on a small 
sample; therefore, generalizations for the use of these models clinically require further 
investigation.  Statistical power was also low to moderate for several of our analyses (Table 
3) resulting from insufficient sample size.  Further investigation of these analyses revealed 
low effect sizes for the differences between means.  When comparing these means to those 
reported in the literature for differences from baseline in injured subjects (SOT composite 
score ~14-7 point decline; BESS total error score ~3 total error decline) (Guskiewicz et al., 
2001), the differences in means found in our analyses resulted in clinical insignificant change 
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scores.  Also, our sample consisted of healthy subjects who are assumed to have the ability to 
adequately split attention between two tasks, so large differences between tasks potentially 
should not be expected in this population.  The biggest limitation to our study is that the PRT 
and APRT task may not place an adequate cognitive load on subjects in order to observe a 
larger influence between cognitive and balance performance in order to more adequately 
determine the value of each of these testing models in the clinical setting.  While 
acknowledging the limitations of our findings, we believe our study provides important 
information regarding the potential for dual task assessments in the clinical environment. 
Clinical Implications 
 The ability to allocate attentional resources is essential in healthy individuals to be 
able to function in their every day lives.  This ability is imperative for safe participation in 
sport due to its dynamic nature.  Our findings support the influence of varying demands that 
balance and cognitive tasks have upon one another and demonstrate the potential for a dual 
task to be a more sensitive test to concussion than the tests performed alone.  When making 
return to play decisions regarding orthopaedic injuries, a key component to the decision 
making process is the functional capacity of that athlete to participate in a given sport.  The 
use of a dual task appears to be the next step in following that model for the assessment of 
concussion.  There is a need for further examination of this testing paradigm in larger 
samples of healthy subjects as well as in concussed subject in order to make further 
conclusions as to the usefulness of a dual task in a sports medicine setting.  It is important 
that future research continues to explore the role of attentional recovery following concussion 
as well as exploring different methodologies that would be useful and feasible in the clinical 
setting to assess these deficits.     
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Conclusion 
 The heightened demands of participation in sport challenges athletes not only in terms 
of cognition and balance, but ultimately in regards to how these systems interact.  As 
clinicians, we currently try to examine the individual components of this interaction to try 
and get a clearer picture as to how this interaction functions as a whole.  Recent findings 
have suggested that in order to obtain the most sensitive results, we may have to develop 
reliable ways to look directly at this interaction.  Our study was designed to examine the 
potential for the use of our current assessment tools in a dual task paradigm.  Our findings 
suggest that combining a cognitive test aimed at processing speed and attention with the 
BESS and the SOT has the potential to be a more sensitive test of concussion than these 
measures performed during a single task.  Future research should examine the effect of this 
dual task paradigm to evaluate and track recovery following concussive injury. 
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An Analysis of a Dual Task Paradigm for the Assessment of Concussion 
 
 
Context: Recent evidence has revealed deficiencies in the ability to split attention following 
concussion.  Few studies have examined splitting attention in our current concussion assessment 
paradigm. 
Objective: To examine the effects of a dual task paradigm on procedural reaction time and 
balance in healthy subjects. 
Design: A series of balance and procedural reaction time (PRT) tasks were performed in a 
counter-balanced, repeated measures design. 
Setting: Sports Medicine Research Laboratory. 
Patients: Thirty healthy college students (age = 20.43 ± 1.33 years). 
Intervention: Two test sessions were performed exactly 14 days apart.  Subjects performed 
balance and PRT tasks under the single task and dual task conditions. 
Main Outcome Measures: The PRT of the Automated Neuropsychological Assessment Metrics 
and an adapted auditory procedural reaction time (APRT) assessed cognitive performance.  The 
NeuroCom Sensory Organization Test (SOT) and the Balance Error Scoring System (BESS) 
assessed balance performance. 
Results: On the SOT, overall performance significantly improved between test sessions (F1,29= 
35.695, p< 0.0005) and from the dual task condition to the single task condition (F1,29=9.604, 
p=0.004).  On the PRT test, overall performance significantly improved between test sessions 
(F1,29=57.252, p<0.0005) and from the dual task condition to the single task condition 
(F1,29=7.673, p=0.010).  No differences were seen on the BESS and the APRT test.  The BESS 
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yielded a significantly larger cost to performance from the single task to the dual task than the 
SOT (t29=-2.064, p=0.048).  Reliability across test sessions ranged from moderate to poor for 
each of the outcome measures. 
Conclusions: While obtaining few significant findings, there appears to be a role for both the 
BESS and the SOT for utilization in a dual task methodology.  Future research should examine 
the influence of varying difficulty cognitive tasks in a dual task. 
Key Words: Balance; Cognition; Concussion; Cost; Dual Task. 
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Introduction 
The assessment of concussion is a complex task during which the function of multiple 
systems must be assessed.  Current methodology for the assessment of concussion advocates a 
comprehensive approach evaluating reported symptoms, neuropsychological performance, and 
balance (Guskiewicz et al., 2004).  The use of a graded symptom checklist has been shown to be 
useful in identifying some of the common symptoms associated with concussion (Piland et al., 
2006).  A variety of neuropsychological tests are used for detecting neurocognitive deficits 
immediately following injury and at subsequent test sessions during the days following injury 
(Bleiberg et al., 2004; Echemendia et al., 2001; McCrea et al., 2002).  Balance assessments such 
as the Sensory Organization Test and the Balance Error Scoring System have been validated to 
detect deficits in balance resulting from errors in the integration of sensory information between 
the visual, somatosensory, and vestibular system in the days following concussion (Guskiewicz 
et al., 2001).  A comprehensive assessment utilizing information on symptomatology, balance, 
and cognitive function allows for clinicians to take a more complete picture of the deficits 
following concussion. 
 In 1998, the Center for Disease Control and Prevention reported that approximately 
300,000 sport related traumatic brain injuries (TBI) occur annually in the United States 
(Thurman et al., 1998).  More recent data suggest that this may be a gross underestimate, with 
the actual incidence of sport related concussion being somewhere between 1.6 and 3.8 million 
per year (Langlois et al., 2006).  Athletes with a history of concussion have been shown to be at 
higher risk for future concussive injury (Guskiewicz et al., 2003) as well mild cognitive 
impairment (Guskiewicz et al., 2005) and depression (Guskiewicz et al., 2007).  With a large 
number of people participating in sport worldwide and the growing frequency of concussive 
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injury, it is imperative that researchers and clinicians continue to work to refine our assessment 
methods in order to allow for safe sport participation and minimize the risk of the long term 
complications associated with repeated concussive injury.  
 Participation in sport requires athletes to constantly split their attention between cognitive 
and dynamic balance tasks.  The current sport related concussion assessment paradigm may be 
limited in that it evaluates static balance and cognitive tasks performed independently of each 
other; therefore, it may not reproduce the specific demands placed on the athlete during activity.  
In order to recreate these demands, we must examine different methods of challenging these 
systems in unison in order to fully grasp the functional limitations of athletes following injury.  
The information we obtain from using a dual task assessment for assessing concussion may 
allow for clinicians to make more accurate decisions as to whether individuals will be able to 
participate safely in sport. 
 At the present time, dual tasking has not been extensively examined in the concussed 
population.  Recent evidence suggests that impairments to dynamic balance during gait may be 
present up to 28 days following concussion (Parker et al., 2006), which is in stark contrast to the 
our current clinical balance testing protocol in which recovery is usually seen within the first 3-5 
days following injury (Guskiewicz et al., 2001; Riemann & Guskiewicz, 2000).  Connections 
have been made establishing the influence that cognitive and balance tasks have upon each other 
when subjects are required to split attention between the two (Andersson et al., 2002; Rankin et 
al., 2000; Redfern et al., 2001). While most of the research on dual task assessments has focused 
on elderly subjects with balance disorders, there has been some research studying younger and 
healthier populations.  Previous work has shown composite scores for balance on the sensory 
organization test improved with the addition of a cognitive task in healthy subjects with no 
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history of concussion (Broglio et al., 2005).  Studies examining the effect of a dual task in 
concussed subjects have revealed more pronounced balance deficits (Catena et al., 2007a) and 
longer duration of impairment (Parker et al., 2007) than when tested under a single task. To our 
knowledge, no studies have examined a dual task paradigm in the context of commonly used 
clinical measures of concussion such as the Balance Error Scoring System. 
The primary purpose of this study was to examine the effects of a dual task paradigm on 
procedural reaction time and balance in healthy subjects. This study examined the cost to 
procedural reaction time and balance performance in pre-established clinical measures when 
procedural reaction time and balance tasks are performed together as opposed to separately. By 
analyzing the influence of split attention on procedural reaction time and balance performance 
using previously established clinical tools, we hope to gather information on patterns that occur 
in healthy young adults, with the goal of relating these findings to ongoing work related to 
concussed individuals.  We also examined the reliability of these measures under the single task 
and dual task conditions to determine the stability of these measures.  By analyzing the reliability 
of these measures, we hope to examine the feasibility of this instrument for clinical use by 
making comparisons to previously reported findings in the literature.   
Methods 
Subjects 
 A sample of 30 healthy, physically active students and athletes (age: 20.43±1.33 years, 
height: 173.44±9.28 cm, weight: 79.03±19.29 kg) were recruited from the general student 
population at The University of North Carolina (Chapel Hill, NC). The sample consisted of 14 
males and 16 females.  Subjects were excluded from the study if they had a previous history of 
diagnosed concussion, lower extremity injury in the last 3 months, had been diagnosed with 
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ADD/ADHD, if they had knowledge of the ANAM testing procedures, if they have been 
previously diagnosed with a learning disability, or if English was not their primary language.   
Instrumentation 
NeuroCom Sensory Organization Test  
 The Sensory Organization Test (SOT) performed on the NeuroCom Smart Balance 
Master was used to assess balance.  In sports medicine, the SOT has been typically used to assess 
a subject’s balance at baseline and following head injury.  The test selectively interrupts visual, 
somatosensory, and vestibular information to the subject, the three main contributors to static 
balance, while asking the subject to remain as still as possible over their base of support.  The 
test consists of six 20-second trials performed three times in random order.  The order of these 
trials is as follows: fixed support surface with a fixed visual surround (1), fixed support surface 
with the eyes closed (2), fixed support surface with a sway referenced visual surround (3), sway 
referenced support surface with a fixed visual surround (4), sway referenced support surface with 
the eyes closed (5), and a sway referenced support surface with a sway referenced visual 
surround (6).  The data collected is used to calculate the contribution of the visual, 
somatosensory, and vestibular systems to the static balance of the subject and an overall 
composite score representing the combined performance during that testing section.  Each 
composite score was calculated using the individual equilibrium scores during each trial.  
Composite scores may range from 0 (a fall) to 100 with higher scores representing good 
performance. 
Balance Error Scoring System  
 The Balance Error Scoring System (BESS) is a clinical balance measure designed to 
assess postural stability following a concussion.  The BESS utilizes 3 stances performed on a 
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firm surface and repeated on medium density foam (Airex Balance Pad; Alcan Airex, 
Switzerland).  The stance conditions are double leg stance, single leg stance on the dominant leg, 
and tandem stance with the dominant leg behind the non-dominant leg.  The dominant leg is 
defined as the leg used to plant with when kicking a ball.  Each trial is 20 seconds long and is 
performed with the eyes closed.  The numbers of deviations from upright, stable posture are 
recorded.  The total number of errors committed over the 6 testing conditions represents the 
degree of balance performance.  Errors include opening of the eyes, greater than 30 degrees of 
hip abduction, toes or heels being picked up off the ground, hands being taken off hips, touch 
downs with the suspended leg, or being out of test position for greater than 5 seconds.  Total 
error scores may range from 0-60 with higher scores representing poor balance performance. 
Procedural Reaction Time 
 Procedural reaction time (PRT) is one of the test modules used in the Automated 
Neuropsychological Assessment Metrics (ANAM) and is typically part of a battery of tests used 
to assess overall cognitive function of a subject.  During the PRT, a number between 2 and 5 is 
presented on the screen to the subject.  If the numbers 2 or 3 are presented, the subject is asked to 
left click on the mouse.  If the numbers 4 or 5 are presented, the subjects are asked to right click 
on the mouse.  The test combines the subject’s speed of responses with accuracy of responses to 
calculate a throughput score to describe overall performance on the test.  The procedural reaction 
time test module was altered to last 20 seconds (down from approximately 45 seconds in the 
original sports medicine test battery) in order to match the duration of each trial of the SOT.  Pre-
study pilot testing on 9 subjects revealed no significant difference in performance between the 
original and abbreviated versions of the PRT (t8=-0.927, p=0.381); no significant practice effect 
within test session were observed (F4,32=0.722, p=0.584).   
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Auditory Procedural Reaction Time 
 The auditory procedural reaction time (APRT) module is an adaptation of the computer 
based procedural reaction time test module.  The APRT module is a 20-second test during which 
an auditory stimulus of 2, 3, 4, or 5 is given to the subject to which the subject verbally responds 
“left” to 2 or 3 and “right” to 4 or 5.  The auditory stimulus is presented using audio files 
recorded on a computer during which the numbers 2 through 5 were spoken in random order at a 
rate of one stimulus every 1.5 seconds for a total of 15 stimuli every trial.  Random number lists 
were generated using the Microsoft Excel program (Microsoft Corp.; Redmond, WA), with a 
total of 12 audio files being created.  The audio files were transferred to an iPod mp3 player 
(Apple; Cupertino, CA), which was used to play the files during the test via external speakers.  
Data was recorded using a digital audio recorder (ICD-P520, Sony; Tokyo, Japan) with each trial 
being scored for accuracy of responses after the test session was completed.  Accuracy was 
determined by dividing the total number of correct responses by the total number of stimuli, 
which was 15 for each trial. 
 
Testing Protocol 
 Subjects were tested in two test sessions occurring exactly 14 days apart.  During each 
test session, subjects were asked to perform the PRT, APRT, SOT, and BESS in a single task and 
a dual task.  The order of administration of the balance conditions differed between test sessions, 
with the single and dual task conditions of the SOT being performed before the BESS during one 
session and the opposite occurring during the other session.  The order of administration of the 
balance conditions was counter balanced between test sessions.    
Orientation of Tasks 
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At the beginning of each testing session, subjects were asked to perform 5 trials of the 
PRT and auditory PRT (APRT) test batteries alone in order to obtain baseline performance 
measures for these tasks.  The single task performance variable was then determined to be the 
average of the 5 PRT throughput scores and APRT accuracy scores.  One trial of the APRT test 
battery was also performed before beginning each of the balance test batteries to reorient subjects 
to the task.  Each of the reorientation trials were scored but not included in the final statistical 
analysis. 
Sensory Organization Test 
The first time through the balance trials on the SOT were performed under the single task 
condition (task orientation), after which there were two more sets of the conditions.  Of the 2 
remaining series of trials, one set was under dual task conditions and the other performed under 
the single task condition.  The order of the final two trials of the SOT was flipped for the second 
test session for each subject and was counterbalanced between subjects.   
During the dual task trials with the eyes open on the SOT, the viewing pane in the field of 
the visual surround was opened, revealing a monitor displaying the procedural reaction time test 
modules.  The procedural reaction time modules were modified to last for 20 seconds, 
corresponding with the duration of each of the trials of the sensory organization test.  The subject 
was given a computer mouse to hold in his or her dominant hand at their side to perform the test.  
The subject was then instructed to begin the PRT test module with the beginning of each eyes 
open balance trial.  A throughput score was generated by the computer for each of the trials.  The 
average of the 4 throughput scores for each of the eyes open conditions was used to represent 
dual task PRT performance on the SOT in the statistical analysis.   
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During the two trials of the SOT performed with the eyes closed, the APRT test battery 
was performed.  The audio files were played over external speakers controlled by the tester.  The 
recording provided a stimulus every 1.5 seconds, with the first response given being scored as 
correct and incorrect by the tester.  The accuracy score was calculated for each of the trials as 
described previously in the text.  The average of the two accuracy scores was used as the dual 
task performance for APRT on the SOT in the statistical analysis.  Each APRT test was 20 
seconds long coinciding with the length of each trial on the SOT. 
The composite score representing balance performance during the dual task and single 
task conditions was calculated manually.  For each individual trial, an equilibrium score was 
generated by a computer representing balance performance on that trial.  The composite score for 
the single task condition was calculated as the average of the equilibrium scores for condition 1 
and for condition two under the single task condition, and adding those two scores to the sum of 
the two trials of single task equilibrium scores for conditions 3-6.  The dual task composite score 
was calculated as the average of the equilibrium scores from the 6 dual task SOT conditions. 
Balance Error Scoring System 
 The BESS was performed under the single and dual task conditions during each test 
session.  The total error score for the single and dual task BESS was the sum of the total errors, 
defined in the instrumentation section, for each of the trials of the respective testing conditions.  
A maximum of 10 errors was counted for any individual trial.  The dual task BESS always 
followed the single task BESS in order to allow the subject to familiarize themselves with the 
test.  The testing procedure for the BESS was performed as described in the instrumentation 
section.  During the dual task BESS, external speakers controlled by the tester played the APRT 
test.  The APRT tests each lasted 20 seconds, coinciding with the length of each trial in the 
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BESS.  An accuracy score for each trial was computed as described previously in the text.  The 
average of the accuracy scores from the 6 trials was used as the dual task performance for APRT 
on the BESS in the statistical analysis.     
 The single task and dual task BESS were videotaped for all subjects.  The principal 
investigator scored the BESS from the videotape and it was also independently scored by another 
clinician (co-investigator).  The results were analyzed between testers to determine intratester 
and intertester reliability of the scores.  Good intertester reliability and precision was seen for the 
single task (ICC 2, k = 0.79, SEM = 1.65) and dual task (ICC 2, k = 0.81, SEM = 1.87) BESS total 
error scores. 
Statistical Analyses 
 All data analyses were conducted using SPSS 15.0 (Chicago, IL).  When analyzing cost 
to performance between the SOT and the BESS as well as between  APRT accuracy score on the 
eyes closed conditions of the SOT and the BESS, cost was defined as the change in performance 
between the dual and single task.   
Differences in balance performance on the SOT and the BESS between the dual task and 
single task condition were analyzed using separate two, 2-way within subjects ANOVAs.  Task 
(dual or single task) and test session were the used as the two within subject variables. 
Differences in PRT and APRT performance between the dual task and single task 
conditions were analyzed using seperate three, 2-way within subjects ANOVAs.  Task and test 
session were used as the two within subject variables for this analysis.  
The difference between APRT performances on the eyes closed conditions on the SOT 
and on the BESS was analyzed using a paired samples t-test on the average accuracy scores on 
each test battery. 
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 The reliability of the SOT composite score, BESS total error score, PRT throughput 
score, and APRT accuracy score during the single task between test sessions was calculated 
using two ICC2,1 and two ICC2,k.  The reliability of SOT composite score, BESS total error score, 
PRT throughput score, and APRT accuracy score on the SOT and the BESS during the dual task 
were analyzed with two ICC2,1 and three ICC2,k. 
Results 
Effect of Task on Balance Performance 
 We examined the difference in balance performance on the Sensory Organization Test 
(SOT) and on the Balance Error Scoring System (BESS) during a dual task compared to a single 
task (Table 1).  Two separate 2-way within subjects ANOVAs were generated to examine 
research question one with test session and task used as the within subjects factors.  Results from 
the SOT revealed no significant test by task interaction (F1,29=0.340, p=0.564), but there was a 
significant main effect for test session (F1,29= 35.695, p< 0.0005) and task (F1,29=9.604, 
p=0.004).  There was improvement on the SOT from test session 1 to test two for both conditions 
and the means for the SOT across test session showed significant improvement during the dual 
task condition compared to the single task. Results from the BESS revealed no significant test by 
task interaction (F1,29=2.460, p=0.128), as well as no significant main effect for test session 
(F1,29=0.004, p=0.953) or task (F1, 29=1.961, p=0.172).   
Effect of Task on PRT Performance 
 Three separate 2-way within-subjects ANOVAs were used to examine the difference in 
PRT and APRT performance on the SOT and on the BESS during a dual task compared to a 
single task (Table 1).  Results for the PRT test battery during the eyes open conditions of the 
SOT revealed no significant test by task interaction (F1,29=0.082, p=0.777), but there was a 
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significant main effect for test session (F1,29=57.252, p<0.0005) and task (F1,29=7.673, p=0.010).  
Significant improvement was seen from test session 1 to test session two for both conditions and 
the task means across test session showed significant improvement under the dual task condition 
from the single task condition.  Results of the APRT test during the eyes closed conditions of the 
SOT revealed no significant test by task interaction (F1,29=0.002, p=0.962), main effect for test 
session (F1,29=3.940, p=0.057), or main effect for task (F1,29=0.023, p=0.880).  APRT tests on the 
BESS also revealed no significant test by task interaction (F1, 29=0.342, p=0.563), main effect for 
test session (F1,29=3.678, p=0.065), or main effect for task (F1,29=2.225, p=0.147).  While the 
main effects for test session and task on the BESS approached significance, both analyses 
yielded small effect sizes and low power (Table 4). 
 A paired samples t-test was used to determine if there was a difference in the cost to 
APRT performance between the dual task conditions on the SOT and the BESS.  There was no 
significant difference in cost found between these two measures of balance (t29=1.359, p=0.185). 
(Figure 1) 
Reliability of Single and Dual Task Performance 
 The reliability of the SOT composite score, BESS total error score, PRT throughput 
score, and APRT accuracy score across test sessions for the single task and dual task conditions 
were examined with ICC2, 1 and ICC2, k.  Results along with the standard error of measurement 
(precision) for each task and condition pair are presented in Table 3. 
Discussion 
  In healthy, physically active individuals, the introduction of a cognitive task aimed at 
attention and processing speed did not cause significant balance deficits.  This finding supports 
what we know intuitively, that most normal, healthy people have the capability of being able to 
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process two different stimuli at once.  We see examples of this in our everyday lives with even 
the simplest tasks of talking and walking at the same time.  We also see examples of this in sport, 
when we see the point guard dribbling through defenders while executing a set play.  The ability 
to be able to split attention is something that we assume.  The ability to divide attention may be 
challenged is following a concussive injury.  Acutely following injury, evidence in the research 
has revealed balance deficits due to problems with sensory integration (Guskiewicz, 2001; 
Guskiewicz et al., 2001) as well as depressed overall cognitive function (Bleiberg et al., 2004).  
As clinicians, we are able to use this information to track recovery following injury up to when 
we return these athletes to sport.  Our current methodology for quantifying these measures is 
flawed in that it fails to grasp how these two systems will interact with one another when 
subjects are required to split their attention between the two in the concussed population.  Some 
recent evidence has demonstrated the need to examine this interaction under split attention, with 
deficits to dynamic balance being shown (Parker et al., 2006) as long as 28 days following 
injury.  In our study, we have begun to examine this interaction using the assessment tools used 
in our current paradigm.  Based upon what we currently know about the effects of concussive 
injury and our findings in this study, we are able to see the potential for a dual task assessment to 
be a more sensitive test to concussion than the individual measures performed alone.  
Dual Task Balance 
  The first portion of our study examined the effect of a dual task on performance 
variables obtained from the Sensory Organization Test (SOT) and the Balance Error Scoring 
System.  The analysis between the single task and dual task condition on the SOT revealed a 
significant main effect for test session and for task.  The main effect for test session revealed that 
when collapsing the performance mean across task, there was a significant improvement in 
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scores from test session 1 to test session 2.  Upon further examination, the magnitude of this 
effect appeared to be approximately equal between the two conditions, representing a practice 
effect between test sessions that was independent of task.  This finding is similar to a previous 
finding revealing a learning effect in healthy subjects under the single task condition upon serial 
administration of the SOT (Wrisley et al., 2007).  This study reported that practice effects 
occurred upon administration over 6 test sessions.  The main effect for task revealed an overall 
improvement in balance performance on the SOT under the dual task.  Similar improvement in 
balance performance has been shown previously with the addition of a simple cognitive task 
(Broglio et al., 2005; Swan et al., 2004).  
 Broglio et al. revealed improvement on the SOT with a task-switching task, but only 
performed the test during the eyes open conditions of the SOT.  Swan et al. presented similar 
findings while performing eyes open and eyes closed balance tasks, with sway referenced surface 
conditions present in the testing battery.  These studies proposed a potential refinement of the 
pathways responsible for each of these tasks due to this interaction.  A potential explanation for 
this interaction may be that a dual task is testing these subjects in a more functional manner by 
more closely replicating the demands of everyday life.  Previous work has demonstrated this 
interaction and that the magnitude of this effect is proportional to the difficulty of each of the 
tasks (Pellecchia, 2003).  Both authors acknowledged that the improvement in balance 
performance in their studies was most likely due to the simplicity of the cognitive and balance 
conditions chosen for the dual task and that different results may have been seen with more 
complex tests.  If indeed that testing under this dual task presents a more functional modality for 
testing, then an improvement in scores with the combination of two relatively simple tasks may 
be a reasonable expected outcome.   
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While providing important information about the performance of the systems involved in 
balance, the role of the SOT in a dual task may be limited due to the relatively simplistic nature 
of the balance task being performed.  Future research should explore performance during a dual 
task on the SOT in concussed subjects in order to make further conclusions of the value of the 
SOT in this testing paradigm. 
 Our results on the BESS differed from those on the SOT in that we found no significant 
changes between tasks.  To our knowledge, ours was the first study that attempted combining a 
cognitive task with the BESS and therefore we were unable to compare our findings with 
previous work, but when comparing our findings with expected behavior on the BESS during the 
single task we were able to make several interesting comparisons.  Our methodology called for 
the dual task BESS to always follow the single task.  Based on previous research, the lack of a 
within test session practice effect may in itself be a significant finding.  Under the single task 
condition in healthy subjects, serial administration of the BESS has been shown to result in a 
practice effect across test sessions (Valovich McLeod et al., 2004; Valovich et al., 2003).  Based 
on this finding, we should have potentially seen an improvement in dual task scores with 
consecutive administration of the test shown by a significant test session by task interaction.  
Instead, we saw no change in performance between the tasks.  Therefore, in this case, the cost to 
balance may be represented by the lack of a within test session practice effect.  The 
methodologies of these studies differed in that the BESS was administered a total of 5 times in 
each protocol with the final test being administered 30 days following the first in one study and 
60 days following the first in the other.  Future studies should examine this relationship across 
over serial administration in order to draw further conclusions about this relationship. 
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 We also did not observe a significant main effect for task.  This finding differs from the 
improvement in performance demonstrated SOT, but the results of this finding may be explained 
by the nature of the difficulties experienced between the balance tasks.  The BESS findings of 
the BESS have been have been shown to be comparable to similar force platform measures of 
balance performance (Riemann et al., 1999).  While comparable, the nature of the BESS is such 
that there is an inherent unpredictability that is not present in the SOT test battery.  While the 
SOT is able to isolate each of the 3 contributory senses to the maintenance of static balance, the 
outcome variable only takes into account the amount of sway one direction, anterior and 
posterior.  The BESS involves 6 different measurable errors as well as the ability to correct from 
the errors that can occur in multiple planes.  This unpredictability as well as the requirement to 
make the necessary corrections from these errors allows us to make the assumption that the 
BESS may be a more difficult balance task than the SOT.  Taking this into account as well as 
multiple previous accounts in the literature citing the influence that balance and cognition have 
upon one another (Muller et al., 2007; Siu et al., 2008; Siu & Woollacott, 2007) as well as that 
the magnitude of this influence being directly proportional to the difficulty of the respective tasks 
(Pellecchia, 2003) provides an explanation as to why the improvements seen on the SOT were 
not seen on the BESS under the dual task condition. 
Dual Task Procedural Reaction Time 
 The second portion of our study examined the influence of a dual task on a procedural 
reaction time test performance.  The test was administered via two modalities.  During the eyes 
open conditions on the SOT (i.e. conditions 1, 3, 4, and 6), a computerized version of the test 
was administered.  During the eyes closed conditions of the SOT and during the BESS, an 
auditory procedural reaction time (APRT) test was performed.  Analysis of each of these tests 
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under the different balance conditions revealed a significant main effect for task and test session 
for the PRT test module, with significant improvement being found from test session 1 to test 
session 2 collapsed by task and significant improvement during the dual task condition compared 
to the single task collapsed by test session.  There were no significant findings for APRT 
performance on the eyes closed conditions of the SOT as well as on the BESS, although the main 
effect for test session did approach significance for both conditions.  The main effect for session 
for PRT performance represents a practice effect between test sessions.  As was reported on the 
SOT, the magnitude of this effect with approximately the same for both tasks.  A practice effect 
for some neuropsychological test batteries have been demonstrated in the literature (Peterson et 
al., 2003).  While Peterson et al. demonstrated these learning effects on paper and pencil tests 
which represent a different test administration modality than that was used in our study, when 
breaking down learning effects by domain the greatest improvement was seen in the domain of 
information processing speed, the category to which our test battery belongs.  Based on this 
information, we are able to draw the conclusion that this practice effect is independent of task.  
The improvement in PRT performance from the single task to the dual task is supported by the 
findings Broglio et al. who found an improvement in reaction time speed in a task switching test 
performed during the eyes open conditions of the SOT.  As previously mentioned, the 
improvement in reaction time and balance scores in this study were attributed to the simplicity of 
the tasks involved in the dual task.  As discussed in relation to the improvement in composite 
scores during the dual task SOT, splitting attention in healthy subjects may be a more functional 
task.  It therefore should be expected that subjects perform better when asked to split attention 
among easy tasks as opposed to performing a single task.  Assuming an absolute amount of 
attentional resources available within subjects, there has been shown to be a hierarchy of the 
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allocation of these resources with balance receiving priority over cognition.  Considering that the 
BESS is a more difficult balance task, it therefore makes sense that there was not a significant 
main effect for task for the APRT performed with the BESS as well as on the eyes closed 
conditions of the SOT due to the fact that more resources were allocated to maintain balance 
during these more difficult balance conditions.    
Reliability 
 Reliability scores ranged from moderate (0.68) to poor (0.14) were seen in each of the 
performance variables.  The BESS total error scores under the single task (0.68) and dual task 
(0.66) as well as the APRT accuracy score performed on the BESS (0.51) were the most stable 
while scores obtained on the SOT and the PRT test modules ranged from 0.50 to 0.14.  The 
moderate reliability seen in the BESS may be the result of a small sample size and insufficient 
number of serial administrations, which would increase the variability of the results.  A practice 
effect for the BESS during a single task has been reported in the literature, but significant 
findings were not seen until third serial administration of the BESS (Valovich et al., 2003).  
While direct comparisons cannot be made with our findings, the presence of a practice effect for 
the BESS demonstrates the need to incorporate more serial test sessions in order to make 
stronger inferences about the stability of the dual task BESS performance measures across test 
sessions.  With the incorporation of a larger sample as well as more serial administrations, we 
should expect to see improved findings for reliability, representing good stability of the measure.  
This along with a relatively low standard error of measurement (Table 3) demonstrates the 
potential for the dual task BESS to be a more sensitive test to concussion than the BESS 
performed alone.  The reliability of performance on the SOT has been reported in the literature 
as moderate to good (Wrisley et al., 2007), which differs from our findings of fair reliability seen 
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during the dual task and the single task.  A possible explanation for this variability may be due to 
the increased complexity of the task as well as changes in testing order being made between 
sessions.  Subjects were to perform the dual task condition of the SOT following the two single 
task trials in one of their sessions, while being asked to perform the dual task in between the 
single task trials in the other.  The different presentation of the trials within each subject may 
explain the variability in the performance across test sessions.  As with the BESS, the variability 
of these scores may have been influenced by having an insufficient sample and number of serial 
administrations of the test.  In order to make more definitive conclusions as to the stability of 
these dual task scores, future studies should examine the effects of serial administration of this 
testing paradigm on the reliability of the performance measures.  The fair reliability on the SOT 
demonstrated in our results has negative implications regarding the feasibility of the SOT for use 
in the clinical setting.  It is important to ensure that the measure in use is stable in order for a 
clinician to make confident decisions regarding the status of the recovery of the athletes 
following injury.  Further examination of these testing procedures is required in healthy and 
injured populations in order to make determinations about the reliability of these testing 
paradigms for clinical use. 
Limitations 
 Although our study revealed important findings regarding the effect of a dual task in our 
current clinical testing paradigm for the assessment of concussion, it is not without limitations.  
The reliability of the outcome measures was performed on a relatively small sample; therefore, 
generalizations for the use of these models clinically require further investigation.  Statistical 
power was also low to moderate for several of our analyses (Table 2) resulting from insufficient 
sample size.  Further investigation of these analyses revealed low effect sizes for the differences 
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between means.  When comparing our means to those reported in the literature comparing 
differences between postinjury and baseline scores , the differences found in our analyses 
resulted in clinical insignificant change scores (SOT composite score approximately 7-14 point 
decline; BESS total error score increase of approximately 3 total errors representing a decline in 
performance) (Guskiewicz et al., 2001).  Also, our sample consisted of healthy subjects who are 
assumed to have the ability to adequately split attention between two tasks, so large differences 
between tasks potentially should not be expected in this population.  The biggest limitation to our 
study is that the PRT and APRT task may not place an adequate cognitive load on subjects 
needed to observe a larger influence between cognitive and balance performance in order to 
more adequately determine the value of each of these testing models in the clinical setting.  
While acknowledging the limitations of our findings, we believe our study provides important 
information regarding the potential for dual task assessments in the clinical environment. 
Clinical Implications 
 The ability to allocate attentional resources is essential in healthy individuals to be able to 
function in their every day lives.  This ability is imperative for safe participation in sport due to 
its dynamic nature.  Our findings support the influence of varying demands that balance and 
cognitive tasks have upon one another and demonstrate the potential for a dual task to be a more 
sensitive test to concussion than the tests performed alone.  When making return to play 
decisions regarding orthopaedic injuries, a key component to the decision making process is the 
functional capacity of that athlete to participate in a given sport.  The use of a dual task appears 
to be the next step in following that model for the assessment of concussion.  There is a need for 
further examination of this testing paradigm using larger samples of healthy subjects and 
concussed subjects in order to make further conclusions as to the usefulness of a dual task in a 
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sports medicine setting.  It is important that future research continues to explore the role of 
attentional recovery following concussion as well as exploring different methodologies that 
would be useful and feasible in the clinical setting to assess these deficits.     
Conclusion 
 The heightened demands of participation in sport challenges athletes not only in terms of 
cognition and balance, but ultimately in regards to how these systems interact.  As clinicians, we 
currently try to examine the individual components of this interaction to try and get a clearer 
picture as to how this interaction functions as a whole.  Recent findings have suggested that in 
order to obtain the most sensitive results, we may have to develop reliable ways to look directly 
at this interaction.   In order achieve this, research must continue to explore different 
methodologies in a dual task in large samples of healthy and concussed subjects. Our study was 
designed to examine the potential for the use of our current assessment tools in a dual task 
paradigm.  Our findings suggest that combining a cognitive test aimed at processing speed and 
attention with the BESS and the SOT has the potential to be a more sensitive test of concussion 
than these measures performed during a single task.  Future research should examine the effect 
of this dual task paradigm to evaluate and track recovery following concussive injury.
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Table 1. Task and Test Means and Standard Deviations and Analysis of Variance Results 
         Interaction Effect Main Effect Main Effect 
 Session 1 Session 2 Task*Session Task Session 
Outcome Variable Single Dual Single Dual F p F p F p 
SOT Composite Score 79.203±4.432 81.433±5.501 84.232±5.332 85.722±3.710 F1,29=0.34 p=0.564 F1,29=9.604 p=0.004 F1,29=35.695 p<0.0005 
BESS Total Error 
Score 12.800±4.979 12.667±5.384 12.033±4.271 13.500±5.625 F1,29=2.46 p=0.128 F1,29=1.961 p=0.172 F1,29=0.004 p=0.953 
PRT Throughput 
Score 117.247±8.536 120.046±9.619 130.721±12.966 134.179±14.551 F1,29=0.082 p=0.777 F1,29=7.673 p=0.010 F1,29=57.252 p<0.0005 
APRT Accuracy 
ScoreSOT 97.823±2.414 97.779±4.042 98.756±1.677 98.668±1.877 F1,29=0.002 p=0.962 F1,29=0.023 p=0.880 F1,29=3.94 p=0.057 
APRT Accuracy 
ScoreBESS 97.823±2.414 97.408±2.952 98.756±1.677 97.964±1.937 F1,29=0.342 p=0.563 F1,29=2.225 p=0.147 F1,29=3.678 p=0.065 
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Table 2. Effect Sizes and Power of Analysis of Variance Results 
 Interaction Effect Main Effect Main Effect 
 Task*Session Task Session 
Outcome Variable Effect Size Power Effect Size Power Effect Size Power 
SOT Composite Score 0.108 0.11 0.575 0.97 1.109 0.99 
BESS Total Error Score 0.291 0.49 0.260 0.49 0.011 < 0.06 
PRT Throughput Score 0.053 0.06 0.514 0.97 1.405 0.99 
APRT Accuracy ScoreSOT 0.009 < 0.06 < 0.028 0.06 0.369 0.77 
APRT Accuracy ScoreBESS 0.109 0.11 0.277 0.49 0.356 0.77 
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Table 3. Intraclass Correlation Coefficients and Standard Error of Measurement for 
Observed Results 
 Single Task Dual Task 
Outcome Variable ICC SEM ICC SEM 
SOT Composite Score 0.245 4.24 0.318 3.803 
BESS Total Error Score 0.676 2.633 0.662 3.198 
PRT Throughput Score -0.038 8.31 0.501 8.537 
APRT Accuracy ScoreSOT 0.279 1.736 0.142 2.742 
APRT Accuracy ScoreBESS N/A* N/A** 0.513 1.706 
*APRT ICC and SEM single task calculations listed under APRT Accuracy ScoreSOT
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Figure 1. APRT Performance Differences Between the SOTEyes Closed Conditions and BESS 
APRT Performance Differences
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University of North Carolina-Chapel Hill 
Consent to Participate in a Research Study  
Adult Participants 
Social Behavioral Form 
________________________________________________________________________ 
 
IRB Study # 07-1935__________________  
Consent Form Version Date: _01/17/08_________  
 
Title of Study: An Analysis of a Dual-Task Paradigm for the Assessment of Sports-Related 
Concussion  
 
 
Principal Investigator: Luke Ross, ATC 
UNC-Chapel Hill Department: Exercise and Sport Science 
UNC-Chapel Hill Phone number: 962-1787 
Email Address: lukeross@email.unc.edu  
Faculty Advisor:  Kevin M. Guskiewicz, PhD, ATC 
Funding Source: N/A 
 
Study Contact telephone number:  (773) 844-1247 
Study Contact email:  lukeross@email.unc.edu 
_________________________________________________________________ 
 
What are some general things you should know about research studies? 
You are being asked to take part in a research study.  To join the study is voluntary.  
You may refuse to join, or you may withdraw your consent to be in the study, for any reason, 
without penalty.  
 
Research studies are designed to obtain new knowledge. This new information may help 
people in the future.   You may not receive any direct benefit from being in the research 
study. There also may be risks to being in research studies. 
 
Details about this study are discussed below.  It is important that you understand this 
information so that you can make an informed choice about being in this research study.   
You will be given a copy of this consent form.  You should ask the researchers named above, 
or staff members who may assist them, any questions you have about this study at any time. 
                                    
What is the purpose of this study?  
The purpose of this research study is to learn about the effects of a doing more than one thing 
at a time on reaction time and balance in healthy subjects. This study will examine the 
feasibility of the use of the above mentioned task in the assessment of concussion in order to 
more accurately reproduce the demands of sport.  Also, this study will examine if doing more 
than one thing at a time reveals residual problems following concussion when the current 
testing paradigm deems athletes as asymptomatic.  
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How many people will take part in this study? 
If you are in the healthy group and decide to be in this study, you will be one of 
approximately 30 people in this research study.   
 
If you are in the injured group, you will be one of approximately 15 subjects in this research 
study. 
 
How long will your part in this study last?  
If you are in the healthy group, you will be asked to complete two 45 minute test sessions.  
The first test session will occur after your recruitment into the study and the second session 
will occur exactly 14 days following the first.  At the completion of the second 45 minute 
session, your involvement in the study will be complete. 
   
If you are in the injured group, you will be asked to complete one 45 minute test session 
when you are no longer experiencing the symptoms of concussion and have returned to 
“normal performance” on the standard measures we use to assess concussion.  These 
measures include a graded symptom checklist, the Automated Neuropsychological 
Assessment Metrics, and the Sensory Organization Test.  
 
What will happen if you take part in the study? 
If you are in the healthy group, you will complete two 45 minute test sessions occurring 
exactly 14 days apart. Testing will include the Procedural Reaction Time (PRT) module of 
the Automated Neuropsychological Assessment Metrics (ANAM) which will assess your 
reaction time and take approximately 5 minutes.  The Sensory Organization Test (SOT)- 
Neurocom® International Inc.which will assess your balance will take approximately 20 
minutes.  The Balance Error Scoring System (BESS) which will also assess balance will take 
approximately 20 minutes.   A dual-task assessment will also be completed.  This assessment 
will involve you completing the reaction time task in combination with each of the 
previously described balance tasks. 
 
If you are in the injured group, you will be asked to complete one 45 minute test session 
when you are no longer experiencing the symptoms of concussion and have returned to 
“normal performance” on the standard measures we use to assess concussion.  The test 
protocol for that session will be identical to that described above for the healthy group. 
 
What are the possible benefits from being in this study? 
You will receive no direct benefits from taking part in this study. 
 
What are the possible risks or discomforts involved from being in this study?   
There may be a risk of falling during balance testing as well as other uncommon or 
previously unknown risk.  There will be a spotter present during your balance testing to 
ensure that you do not fall, as well as the researcher being present during the rest of the test 
session to ensure your safety in case complications arise.  If you feel uncomfortable, please 
let the researcher know and your testing can be terminated. 
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How will your privacy be protected?   
Measures will be taken to ensure the privacy of each participant is protected.  All electronic 
data will be stored on an external hard drive which will require a specific user name and 
password to access.  This external hard drive will be kept in a secure cabinet under lock and 
key.  All copies of hard data files will be stored in locked file cabinets.  Personal names will 
not be stored on the electronic data files.  A unique master ID number will be used to link 
data records to individuals. Only members of the research team will have access to the list of 
master ID’s and names. This master list will be stored in a locked cabinet separate from the 
data files. This information will be destroyed upon completion of the study. Additionally, 
names of participants will not appear on reports or publications.  Participants will not be 
identified in any report or publication about this study. Although every effort will be made to 
keep research records private, there may be times when federal or state law requires the 
disclosure of such records, including personal information.  This is very unlikely, but if 
disclosure is ever required, UNC-Chapel Hill will take steps allowable by law to protect the 
privacy of personal information.  In some cases, your information in this research study could 
be reviewed by representatives of the University, research sponsors, or government agencies 
for purposes such as quality control or safety.    
 
Video recordings of the dual-task BESS will be stored in a locked filing cabinet in the Sports 
Medicine Research Lab for the duration of the study.  Although your face will be visible, the 
file names for the videos will be de-identified and only two members of the research team 
will have access to these videos.  The videos will be erased and destroyed following 
completion of the study. 
 
What will happen if you are injured by this research? 
All research involves a chance that something bad might happen to you.  This may include 
the risk of personal injury. In spite of all safety measures, as mentioned there may be a risk of 
falling during balance testing as well as other uncommon or previously unknown risk. This 
risk may occur as balance testing involves moving surfaces and uncommon body positioning.  
There will be a spotter present during your balance testing to ensure that you do not fall, as 
well as the researcher being present during the rest of the test session to ensure your safety in 
case complications arise. If such problems occur, the researchers will help you get medical 
care, but any costs for the medical care will be billed to you and/or your insurance company. 
The University of North Carolina at Chapel Hill has not set aside funds to pay you for any 
such reactions or injuries, or for the related medical care. However, by signing this form, you 
do not give up any of your legal rights. 
 
Will you receive anything for being in this study? 
You will not receive anything for taking part in this study. 
 
Will it cost you anything to be in this study? 
There will be no costs for being in the study 
 
What if you are a UNC student? 
You may choose not to be in the study or to stop being in the study before it is over at any 
time.  This will not affect your class standing or grades at UNC-Chapel Hill.  You will not be 
 112 
offered or receive any special consideration if you take part in this research. 
 
If you are in the injured group, the information obtained in this study will not influence your 
participation in your sport.  Return to play decisions will continue to be made by your team 
physician and will not be influenced by the information gathered in this study. 
 
What if you have questions about this study? 
You have the right to ask, and have answered, any questions you may have about this 
research. If you have questions, or concerns, you should contact the researchers listed on the 
first page of this form. 
 
What if you have questions about your rights as a research participant? 
All research on human volunteers is reviewed by a committee that works to protect your 
rights and welfare.  If you have questions or concerns about your rights as a research subject 
you may contact, anonymously if you wish, the Institutional Review Board at 919-966-3113 
or by email to IRB_subjects@unc.edu. 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
 
Participant’s Agreement:  
I have read the information provided above.  I have asked all the questions I have at this time.  
I voluntarily agree to participate in this research study. 
 
_________________________________________   _________________ 
Signature of Research Participant     Date 
 
_________________________________________ 
Printed Name of Research Participant 
 
_________________________________________  _________________ 
Signature of Person Obtaining Consent   Date 
 
_________________________________________ 
Printed Name of Person Obtaining Consent 
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Figure 5. Master Data Collection Sheet 
Test Session 1   Test Session 2 
PRT: Throughput Accuracy    Throughput Accuracy   
Long              
Short 1              
Short 2              
Short 3              
Short 4              
Short 5              
Short Ave              
          
APRT: Correct Accuracy    Correct Accuracy   
Test 1              
Test 2              
Test 3              
Test 4              
Test 5              
Test Ave               
          
SOT: ST Run 1  ST Run 2 DT   ST Run 1  ST Run 2 DT  
Cond 1                
Cond 2                
Cond 3                
Cond 4                
Cond 5                
Cond 6                
Comp                
          
BESS ST DT ST_JRM DT_JRM   ST DT ST_JRM DT_JRM 
DL_Firm                   
SL_Firm                   
Tan_Firm                   
DL_Foam                   
SL_Foam                   
Tan_Foam                   
Total                   
          
DT 
PRT/APRT Throughput Accuracy Correct   Throughput Accuracy Correct  
SOT 
Practice x x x x       x x x x      
SOT Cond 
1     x x x x       x x x x  
SOT Cond 
2 x x x x       x x x x      
SOT Cond 
3     x x x x       x x x x  
SOT Cond 
4     x x x x       x x x x  
SOT Cond 
5 x x x x       x x x x      
SOT Cond 
6     x x x x       x x x x  
EO Ave     x x x x       x x x x  
EC Ave x x x x       x x x x      
BESS x x x x       x x x x      
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Practice 
DL_Firm x x x x       x x x x      
SL_Firm x x x x       x x x x      
Tan_Firm x x x x       x x x x      
DL_Foam x x x x       x x x x      
SL_Foam x x x x       x x x x      
Tan_Foam x x x x       x x x x      
BESS AVE x x x x       x x x x      
Figure 6. Balance Error Scoring System Scoring Sheet 
Balance Error Scoring System (BESS)     
  (Guskiewicz) 
 
 
Which foot was tested:    Left   Right 
(i.e. which is the non-dominant foot) 
 
 
 
 
 
 
 
 
 
 
 
Balance Error Scoring System –  
Types of Errors 
 
 
1. Hands lifted off iliac crest 
2. Opening eyes 
3. Step, stumble, or fall 
4. Moving hip into > 30 degrees 
abduction 
5. Lifting forefoot or heel 
6. Remaining out of test position >5 
sec   
The BESS is calculated by adding 
one error point for each error 
during the 6 20-second tests. 
SCORE CARD:  
(# errors) FIRM 
Surface 
 
FOAM 
Surface 
Double Leg Stance 
(feet together) 
  
Single Leg Stance 
(non-dominant 
foot) 
  
Tandem Stance 
(non-dom foot in 
back) 
  
Total Scores: 
 
  
 
BESS TOTAL: 
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Figure 7. Auditory Procedural Reaction Time Scoring Sheet 
 Trial_10 Trial_11 Trial_12 Trial_2 Trial_3 Trial_4 Trial_5 Trial_6 Trial_7 
 right left right left left right left right right 
 left right right right left left right right left 
 left left right left right right left right left 
 right left right left right right left right left 
 right left right right left right left left right 
 right right left left left right right right right 
 left right right left right right right left right 
 left left right right left left right right right 
 left right left right left right left left left 
 right right left right left left left right right 
 right left left left right right left left left 
 left left right right left left left left right 
 left right left right left left right right right 
 right right left right right left right right left 
 left right right right right left right left left 
Correct                   
          
 Trial_8 Trial_9 Trial_10 Trial_12 Trial_2 Trial_3    
 right left right right left left    
 right right left right right left    
 right left left right left right    
 left left right right left right    
 right left right right right left    
 right left right left left left    
 left right left right left right    
 left right left right right left    
 right left left left right left    
 right right right left right left    
 right left right left left right    
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 left right left right right left    
 right right left left right left    
 left right right left right right    
 right right left right right right    
Correct                
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Figure 8. Demographic Form 
Name: Subject ID: 
Gender: Age: 
Date of Birth: Height: 
Weight: Years of Education: 
History of Lower Extremity Injury in the 
Last 6  Months: 
History of Diagnosed Concussion: (Circle 
one) 
 
1          2              3               3 or more 
Have you been diagnosed with a learning 
disability, ADD/ADHD, or a disorder 
affecting balance? 
 
              Yes                      No 
 
If Yes, please specify: 
 
Current Medications: 
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Figure 9. Recruitment Informational Email 
 
INFORMATIONAL:  
 
 
The Sports Medicine Research Laboratory is conducting a study at UNC-Chapel Hill to determine 
what effect a dual task of cognition and balance has on each system compared to performance on each 
task performed alone.  Information gathered from the study has the potential to lead to more sensitive 
testing procedures to help make return to play decisions following sport related concussion. 
 
To enroll in this study as a participant, you must be between 18-25 years of age with a history of no 
more than 3 previous concussions or mild head injury. You should not have any history of ankle, 
knee, or hip injuries in the last 6 months that currently affect your balance. Finally, you cannot be 
included in this study if you have any history of neurological (i.e. epilepsy or seizure) or balance 
disorders.  
 
Participants will be asked to perform 2 different clinical balance tests alone and with a cognitive task. 
Participation in this study will require 2 test sessions lasting approximately 45 minutes a piece. 
 
If you are interested in participating in this study or would like more information, please contact: 
 
Luke Ross, ATC 
Phone number: (773) 844-1247  
E-mail: lukeross@email.unc.edu. 
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Figure 10. Recruitment Flyer 
 
VOLUNTEERS NEEDED FOR RESEARCH 
STUDY 
 
Healthy volunteer men and women needed to participate in a 
research study examining a dual task of cognition and balance 
for the assessment of concussion 
 
If you participate in this study, you will… 
• Report to the Sports Medicine Research Laboratory in Fetzer Gym  
room 06F for 2 testing sessions lasting approximately 45 minutes 
• Perform 2 different clinical balance measures alone and with a 
cognitive task 
 
You should not participate in the study if you have… 
• Prior history of 3 or more concussions or mild head injury 
• A history of muscle or joint injury in the last 6 months that would 
alter your balance 
• A history of neurological or balance disorders, including epilepsy 
 
If you are interested in volunteering for this study, please contact the 
following: 
Luke Ross, ATC 
Phone number: (773) 844-1247 
E-mail: lukeross@email.unc.edu 
APPENDIX F 
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COMPUTE cost_sprt1 = eo_avthru - prtthru_shave .
EXECUTE .
COMPUTE cost_bart1 = bess_acave - aprt_acave .
EXECUTE .
COMPUTE cost_sart1 = ec_avac - aprt_acave .
EXECUTE .
COMPUTE cost_sprt2 = eo_avthru_2 - prtthru_shave_2 .
EXECUTE .
COMPUTE cost_bart2 = bess_acave_2 - aprt_acave_2 .
EXECUTE .
COMPUTE cost_sart2 = ec_avac_2 - aprt_acave_2 .
EXECUTE .
COMPUTE cost_sot1 = sot_comp_dt - sot_comp_st .
EXECUTE .
COMPUTE cost_bess1 = tot_dt - tot_st .
EXECUTE .
COMPUTE cost_sot2 = sot_comp_dt_2 - sot_comp_st_2 .
EXECUTE .
COMPUTE cost_bess2 = tot_dt_2 - tot_st_2 .
EXECUTE .
FREQUENCIES
  VARIABLES=gender age height weight yr_edu leinj_6mo dx_con dx_ld
  /STATISTICS=STDDEV RANGE MINIMUM MAXIMUM MEAN
  /ORDER=  ANALYSIS .
Frequencies
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Statistics
30 30 30 30
0 0 0 0
1.5333 20.4333 173.4367 79.0300
.50742 1.33089 9.27832 19.28847
1.00 5.00 33.00 96.20
1.00 18.00 155.00 49.60
2.00 23.00 188.00 145.80
Valid
Missing
N
Mean
Std. Deviation
Range
Minimum
Maximum
gender Age in years in cm in kg
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Statistics
30 30 30 30
0 0 0 0
14.0667 1.9667 .0000 2.0000
1.22990 .18257 .00000 .00000
5.00 1.00 .00 .00
12.00 1.00 .00 2.00
17.00 2.00 .00 2.00
Valid
Missing
N
Mean
Std. Deviation
Range
Minimum
Maximum
years of
education
LE injury in
the past 6
months
History of
diagnosed
concussion
were subjects
diagnosed with
a learning
disability
Frequency Table
gender
14 46.7 46.7 46.7
16 53.3 53.3 100.0
30 100.0 100.0
Male
Female
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
Age in years
2 6.7 6.7 6.7
6 20.0 20.0 26.7
7 23.3 23.3 50.0
9 30.0 30.0 80.0
4 13.3 13.3 93.3
2 6.7 6.7 100.0
30 100.0 100.0
18.00
19.00
20.00
21.00
22.00
23.00
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
125
in cm
1 3.3 3.3 3.3
2 6.7 6.7 10.0
1 3.3 3.3 13.3
1 3.3 3.3 16.7
1 3.3 3.3 20.0
3 10.0 10.0 30.0
1 3.3 3.3 33.3
1 3.3 3.3 36.7
1 3.3 3.3 40.0
1 3.3 3.3 43.3
1 3.3 3.3 46.7
2 6.7 6.7 53.3
1 3.3 3.3 56.7
2 6.7 6.7 63.3
2 6.7 6.7 70.0
2 6.7 6.7 76.7
1 3.3 3.3 80.0
1 3.3 3.3 83.3
1 3.3 3.3 86.7
2 6.7 6.7 93.3
2 6.7 6.7 100.0
30 100.0 100.0
155.00
157.00
164.00
165.00
165.70
167.00
167.60
169.00
170.00
170.20
171.00
173.00
174.00
178.00
179.00
181.00
181.60
182.00
183.00
186.00
188.00
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
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in kg
1 3.3 3.3 3.3
1 3.3 3.3 6.7
1 3.3 3.3 10.0
2 6.7 6.7 16.7
1 3.3 3.3 20.0
1 3.3 3.3 23.3
1 3.3 3.3 26.7
1 3.3 3.3 30.0
1 3.3 3.3 33.3
1 3.3 3.3 36.7
1 3.3 3.3 40.0
1 3.3 3.3 43.3
1 3.3 3.3 46.7
1 3.3 3.3 50.0
2 6.7 6.7 56.7
1 3.3 3.3 60.0
1 3.3 3.3 63.3
1 3.3 3.3 66.7
1 3.3 3.3 70.0
1 3.3 3.3 73.3
1 3.3 3.3 76.7
1 3.3 3.3 80.0
1 3.3 3.3 83.3
1 3.3 3.3 86.7
1 3.3 3.3 90.0
1 3.3 3.3 93.3
1 3.3 3.3 96.7
1 3.3 3.3 100.0
30 100.0 100.0
49.60
58.20
62.20
62.80
63.00
64.20
64.40
66.40
67.00
67.20
68.20
71.60
73.40
76.40
76.60
80.00
85.40
86.20
86.40
87.00
87.20
88.00
88.40
92.90
95.40
99.20
118.40
145.80
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
years of education
2 6.7 6.7 6.7
9 30.0 30.0 36.7
9 30.0 30.0 66.7
6 20.0 20.0 86.7
3 10.0 10.0 96.7
1 3.3 3.3 100.0
30 100.0 100.0
12.00
13.00
14.00
15.00
16.00
17.00
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
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LE injury in the past 6 months
1 3.3 3.3 3.3
29 96.7 96.7 100.0
30 100.0 100.0
Yes
No
Total
Valid
Frequency Percent Valid Percent
Cumulative
Percent
History of diagnosed concussion
30 100.0 100.0 100.0NoneValid
Frequency Percent Valid Percent
Cumulative
Percent
were subjects diagnosed with a learning disability
30 100.0 100.0 100.0NoValid
Frequency Percent Valid Percent
Cumulative
Percent
T-TEST
  PAIRS = prtthru_shave_2 aprt_acave_2 aprt_acave_2 sot_comp_st_2 tot_st_2
  WITH eo_avthru_2 ec_avac_2 bess_acave_2 sot_comp_dt_2 tot_dt_2 (PAIRED)
  /CRITERIA = CI(.95)
  /MISSING = ANALYSIS.
T-Test
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Paired Samples Statistics
130.7205 30 12.96619 2.36729
134.1790 30 14.55114 2.65666
98.7560 30 1.67662 .30611
98.6677 30 1.87658 .34261
98.7560 30 1.67662 .30611
97.9640 30 1.93730 .35370
84.2317 30 5.33247 .97357
85.7224 30 3.70976 .67731
12.0333 30 4.27086 .77975
13.5000 30 5.62476 1.02694
prtthru_shave_2
eo_avthru_2
Pair
1
aprt_acave_2
ec_avac_2
Pair
2
aprt_acave_2
bess_acave_2
Pair
3
sot_comp_st_2
sot_comp_dt_2
Pair
4
tot_st_2
tot_dt_2
Pair
5
Mean N Std. Deviation
Std. Error
Mean
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Paired Samples Correlations
30 .735 .000
30 .087 .646
30 .373 .042
30 .712 .000
30 .793 .000
prtthru_shave_2 &
eo_avthru_2
Pair 1
aprt_acave_2 &
ec_avac_2
Pair 2
aprt_acave_2 &
bess_acave_2
Pair 3
sot_comp_st_2 &
sot_comp_dt_2
Pair 4
tot_st_2 & tot_dt_2Pair 5
N Correlation Sig.
Paired Samples Test
-3.45847 10.13109 1.84968
.08833 2.40483 .43906
.79200 2.03513 .37156
-1.49078 3.74486 .68371
-1.46667 3.43143 .62649
prtthru_shave_2 -
eo_avthru_2
Pair 1
aprt_acave_2 -
ec_avac_2
Pair 2
aprt_acave_2 -
bess_acave_2
Pair 3
sot_comp_st_2 -
sot_comp_dt_2
Pair 4
tot_st_2 - tot_dt_2Pair 5
Mean Std. Deviation
Std. Error
Mean
Paired Differences
Paired Samples Test
-7.24148 .32454
-.80964 .98631
.03207 1.55193
-2.88913 -.09243
-2.74798 -.18535
prtthru_shave_2 -
eo_avthru_2
Pair 1
aprt_acave_2 -
ec_avac_2
Pair 2
aprt_acave_2 -
bess_acave_2
Pair 3
sot_comp_st_2 -
sot_comp_dt_2
Pair 4
tot_st_2 - tot_dt_2Pair 5
Lower Upper
95% Confidence Interval
of the Difference
Paired Differences
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Paired Samples Test
-1.870 29 .072
.201 29 .842
2.132 29 .042
-2.180 29 .037
-2.341 29 .026
prtthru_shave_2 -
eo_avthru_2
Pair 1
aprt_acave_2 -
ec_avac_2
Pair 2
aprt_acave_2 -
bess_acave_2
Pair 3
sot_comp_st_2 -
sot_comp_dt_2
Pair 4
tot_st_2 - tot_dt_2Pair 5
t df Sig. (2-tailed)
GLM
  prtac_shave prtthru_shave_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
prtac_shave
prtthru_
shave_2
test
1
2
Dependent
Variable
Descriptive Statistics
94.9807 3.42721 30
130.7205 12.96619 30
prtac_shave
prtthru_shave_2
Mean Std. Deviation N
130
Multivariate Testsc
.865 185.151b 1.000 29.000
.135 185.151b 1.000 29.000
6.385 185.151b 1.000 29.000
6.385 185.151b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.000 .865 185.151 1.000
.000 .865 185.151 1.000
.000 .865 185.151 1.000
.000 .865 185.151 1.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
19160.071 1 19160.071 185.151
19160.071 1.000 19160.071 185.151
19160.071 1.000 19160.071 185.151
19160.071 1.000 19160.071 185.151
3001.017 29 103.483
3001.017 29.000 103.483
3001.017 29.000 103.483
3001.017 29.000 103.483
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.000 .865 185.151 1.000
.000 .865 185.151 1.000
.000 .865 185.151 1.000
.000 .865 185.151 1.000
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
19160.071 1 19160.071 185.151 .000
3001.017 29 103.483
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.865 185.151 1.000
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
764115.475 1 764115.475 10003.552 .000
2215.148 29 76.384
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.997 10003.552 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
94.981 .626 93.701 96.260
130.721 2.367 125.879 135.562
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
112.851 1.128 110.543 115.158
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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110
100
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Estimated Marginal Means of MEASURE_1
GLM
  aprt_acave aprt_acave_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
aprt_acave
aprt_acave_2
test
1
2
Dependent
Variable
Descriptive Statistics
97.8227 2.41375 30
98.7560 1.67662 30
aprt_acave
aprt_acave_2
Mean Std. Deviation N
Multivariate Testsc
.112 3.663b 1.000 29.000
.888 3.663b 1.000 29.000
.126 3.663b 1.000 29.000
.126 3.663b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.066 .112 3.663 .456
.066 .112 3.663 .456
.066 .112 3.663 .456
.066 .112 3.663 .456
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
13.067 1 13.067 3.663
13.067 1.000 13.067 3.663
13.067 1.000 13.067 3.663
13.067 1.000 13.067 3.663
103.449 29 3.567
103.449 29.000 3.567
103.449 29.000 3.567
103.449 29.000 3.567
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.066 .112 3.663 .456
.066 .112 3.663 .456
.066 .112 3.663 .456
.066 .112 3.663 .456
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
13.067 1 13.067 3.663 .066
103.449 29 3.567
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.112 3.663 .456
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
579647.583 1 579647.583 114328.39 .000
147.031 29 5.070
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1.000 114328.388 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
97.823 .441 96.921 98.724
98.756 .306 98.130 99.382
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
98.289 .291 97.695 98.884
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  sot_comp_st sot_comp_st_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
sot_comp_st
sot_comp_
st_2
test
1
2
Dependent
Variable
Descriptive Statistics
79.2033 4.43236 30
84.2317 5.33247 30
sot_comp_st
sot_comp_st_2
Mean Std. Deviation N
Multivariate Testsc
.439 22.737b 1.000 29.000
.561 22.737b 1.000 29.000
.784 22.737b 1.000 29.000
.784 22.737b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.000 .439 22.737 .996
.000 .439 22.737 .996
.000 .439 22.737 .996
.000 .439 22.737 .996
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
379.262 1 379.262 22.737
379.262 1.000 379.262 22.737
379.262 1.000 379.262 22.737
379.262 1.000 379.262 22.737
483.737 29 16.681
483.737 29.000 16.681
483.737 29.000 16.681
483.737 29.000 16.681
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.000 .439 22.737 .996
.000 .439 22.737 .996
.000 .439 22.737 .996
.000 .439 22.737 .996
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
379.262 1 379.262 22.737 .000
483.737 29 16.681
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
146
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.439 22.737 .996
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
400664.988 1 400664.988 12759.816 .000
910.615 29 31.401
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.998 12759.816 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
79.203 .809 77.548 80.858
84.232 .974 82.240 86.223
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
81.717 .723 80.238 83.197
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  tot_st tot_st_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
tot_st
tot_st_2
test
1
2
Dependent
Variable
Descriptive Statistics
12.8000 4.97857 30
12.0333 4.27086 30
tot_st
tot_st_2
Mean Std. Deviation N
Multivariate Testsc
.042 1.268b 1.000 29.000
.958 1.268b 1.000 29.000
.044 1.268b 1.000 29.000
.044 1.268b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.269 .042 1.268 .193
.269 .042 1.268 .193
.269 .042 1.268 .193
.269 .042 1.268 .193
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
8.817 1 8.817 1.268
8.817 1.000 8.817 1.268
8.817 1.000 8.817 1.268
8.817 1.000 8.817 1.268
201.683 29 6.955
201.683 29.000 6.955
201.683 29.000 6.955
201.683 29.000 6.955
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.269 .042 1.268 .193
.269 .042 1.268 .193
.269 .042 1.268 .193
.269 .042 1.268 .193
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
8.817 1 8.817 1.268 .269
201.683 29 6.955
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.042 1.268 .193
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
9250.417 1 9250.417 256.444 .000
1046.083 29 36.072
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.898 256.444 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
12.800 .909 10.941 14.659
12.033 .780 10.439 13.628
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
12.417 .775 10.831 14.002
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  eo_avthru eo_avthru_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
eo_avthru
eo_avthru_2
test
1
2
Dependent
Variable
Descriptive Statistics
120.0460 9.61906 30
134.1790 14.55114 30
eo_avthru
eo_avthru_2
Mean Std. Deviation N
Multivariate Testsc
.601 43.688b 1.000 29.000
.399 43.688b 1.000 29.000
1.506 43.688b 1.000 29.000
1.506 43.688b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.000 .601 43.688 1.000
.000 .601 43.688 1.000
.000 .601 43.688 1.000
.000 .601 43.688 1.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
2996.125 1 2996.125 43.688
2996.125 1.000 2996.125 43.688
2996.125 1.000 2996.125 43.688
2996.125 1.000 2996.125 43.688
1988.833 29 68.580
1988.833 29.000 68.580
1988.833 29.000 68.580
1988.833 29.000 68.580
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
157
Tests of Within-Subjects Effects
Measure: MEASURE_1
.000 .601 43.688 1.000
.000 .601 43.688 1.000
.000 .601 43.688 1.000
.000 .601 43.688 1.000
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
2996.125 1 2996.125 43.688 .000
1988.833 29 68.580
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.601 43.688 1.000
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
969455.259 1 969455.259 4113.415 .000
6834.760 29 235.681
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.993 4113.415 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
120.046 1.756 116.454 123.638
134.179 2.657 128.746 139.612
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
127.112 1.982 123.059 131.166
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  ec_avac ec_avac_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
ec_avac
ec_avac_2
test
1
2
Dependent
Variable
Descriptive Statistics
97.7787 4.04237 30
98.6677 1.87658 30
ec_avac
ec_avac_2
Mean Std. Deviation N
Multivariate Testsc
.043 1.293b 1.000 29.000
.957 1.293b 1.000 29.000
.045 1.293b 1.000 29.000
.045 1.293b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.265 .043 1.293 .196
.265 .043 1.293 .196
.265 .043 1.293 .196
.265 .043 1.293 .196
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
11.855 1 11.855 1.293
11.855 1.000 11.855 1.293
11.855 1.000 11.855 1.293
11.855 1.000 11.855 1.293
265.834 29 9.167
265.834 29.000 9.167
265.834 29.000 9.167
265.834 29.000 9.167
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.265 .043 1.293 .196
.265 .043 1.293 .196
.265 .043 1.293 .196
.265 .043 1.293 .196
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
11.855 1 11.855 1.293 .265
265.834 29 9.167
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.043 1.293 .196
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
578867.428 1 578867.428 54122.094 .000
310.172 29 10.696
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.999 54122.094 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
97.779 .738 96.269 99.288
98.668 .343 97.967 99.368
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
98.223 .422 97.360 99.087
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  bess_acave bess_acave_2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
bess_acave
bess_acave_
2
test
1
2
Dependent
Variable
Descriptive Statistics
97.4077 2.95176 30
97.9640 1.93730 30
bess_acave
bess_acave_2
Mean Std. Deviation N
Multivariate Testsc
.038 1.139b 1.000 29.000
.962 1.139b 1.000 29.000
.039 1.139b 1.000 29.000
.039 1.139b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.295 .038 1.139 .178
.295 .038 1.139 .178
.295 .038 1.139 .178
.295 .038 1.139 .178
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
4.643 1 4.643 1.139
4.643 1.000 4.643 1.139
4.643 1.000 4.643 1.139
4.643 1.000 4.643 1.139
118.240 29 4.077
118.240 29.000 4.077
118.240 29.000 4.077
118.240 29.000 4.077
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.295 .038 1.139 .178
.295 .038 1.139 .178
.295 .038 1.139 .178
.295 .038 1.139 .178
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
4.643 1 4.643 1.139 .295
118.240 29 4.077
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.038 1.139 .178
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
572551.322 1 572551.322 68252.068 .000
243.275 29 8.389
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1.000 68252.068 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
97.408 .539 96.305 98.510
97.964 .354 97.241 98.687
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
97.686 .374 96.921 98.451
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  cost_sprt1 cost_sprt2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
cost_sprt1
cost_sprt2
test
1
2
Dependent
Variable
Descriptive Statistics
2.7989 7.34097 30
3.4585 10.13109 30
cost_sprt1
cost_sprt2
Mean Std. Deviation N
Multivariate Testsc
.003 .082b 1.000 29.000
.997 .082b 1.000 29.000
.003 .082b 1.000 29.000
.003 .082b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
173
Multivariate Testsc
.777 .003 .082 .059
.777 .003 .082 .059
.777 .003 .082 .059
.777 .003 .082 .059
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
6.525 1 6.525 .082
6.525 1.000 6.525 .082
6.525 1.000 6.525 .082
6.525 1.000 6.525 .082
2319.534 29 79.984
2319.534 29.000 79.984
2319.534 29.000 79.984
2319.534 29.000 79.984
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.777 .003 .082 .059
.777 .003 .082 .059
.777 .003 .082 .059
.777 .003 .082 .059
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
6.525 1 6.525 .082 .777
2319.534 29 79.984
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.003 .082 .059
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
587.326 1 587.326 7.673 .010
2219.799 29 76.545
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.209 7.673 .763
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
2.799 1.340 .058 5.540
3.458 1.850 -.325 7.241
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
3.129 1.129 .819 5.439
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  cost_bart1 cost_bart2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
cost_bart1
cost_bart2
test
1
2
Dependent
Variable
Descriptive Statistics
-.4150 3.45204 30
-.7920 2.03513 30
cost_bart1
cost_bart2
Mean Std. Deviation N
Multivariate Testsc
.012 .342b 1.000 29.000
.988 .342b 1.000 29.000
.012 .342b 1.000 29.000
.012 .342b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
179
Multivariate Testsc
.563 .012 .342 .087
.563 .012 .342 .087
.563 .012 .342 .087
.563 .012 .342 .087
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
2.132 1 2.132 .342
2.132 1.000 2.132 .342
2.132 1.000 2.132 .342
2.132 1.000 2.132 .342
180.932 29 6.239
180.932 29.000 6.239
180.932 29.000 6.239
180.932 29.000 6.239
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
181
Tests of Within-Subjects Effects
Measure: MEASURE_1
.563 .012 .342 .087
.563 .012 .342 .087
.563 .012 .342 .087
.563 .012 .342 .087
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
2.132 1 2.132 .342 .563
180.932 29 6.239
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.012 .342 .087
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
21.853 1 21.853 2.225 .147
284.760 29 9.819
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.071 2.225 .303
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
-.415 .630 -1.704 .874
-.792 .372 -1.552 -.032
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
-.604 .405 -1.431 .224
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  cost_sart1 cost_sart2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
cost_sart1
cost_sart2
test
1
2
Dependent
Variable
Descriptive Statistics
-.0440 4.28763 30
-.0883 2.40483 30
cost_sart1
cost_sart2
Mean Std. Deviation N
Multivariate Testsc
.000 .002b 1.000 29.000
1.000 .002b 1.000 29.000
.000 .002b 1.000 29.000
.000 .002b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
185
Multivariate Testsc
.962 .000 .002 .050
.962 .000 .002 .050
.962 .000 .002 .050
.962 .000 .002 .050
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.029 1 .029 .002
.029 1.000 .029 .002
.029 1.000 .029 .002
.029 1.000 .029 .002
371.917 29 12.825
371.917 29.000 12.825
371.917 29.000 12.825
371.917 29.000 12.825
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.962 .000 .002 .050
.962 .000 .002 .050
.962 .000 .002 .050
.962 .000 .002 .050
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.029 1 .029 .002 .962
371.917 29 12.825
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.000 .002 .050
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.263 1 .263 .023 .880
328.924 29 11.342
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.001 .023 .052
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
-.044 .783 -1.645 1.557
-.088 .439 -.986 .810
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
-.066 .435 -.955 .823
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  cost_sot1 cost_sot2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
cost_sot1
cost_sot2
test
1
2
Dependent
Variable
Descriptive Statistics
2.2301 5.63341 30
1.4908 3.74486 30
cost_sot1
cost_sot2
Mean Std. Deviation N
Multivariate Testsc
.012 .340b 1.000 29.000
.988 .340b 1.000 29.000
.012 .340b 1.000 29.000
.012 .340b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.564 .012 .340 .087
.564 .012 .340 .087
.564 .012 .340 .087
.564 .012 .340 .087
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
8.199 1 8.199 .340
8.199 1.000 8.199 .340
8.199 1.000 8.199 .340
8.199 1.000 8.199 .340
699.901 29 24.135
699.901 29.000 24.135
699.901 29.000 24.135
699.901 29.000 24.135
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.564 .012 .340 .087
.564 .012 .340 .087
.564 .012 .340 .087
.564 .012 .340 .087
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
8.199 1 8.199 .340 .564
699.901 29 24.135
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.012 .340 .087
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
207.675 1 207.675 9.604 .004
627.119 29 21.625
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.249 9.604 .850
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
2.230 1.029 .127 4.334
1.491 .684 .092 2.889
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
1.860 .600 .633 3.088
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  cost_bess1 cost_bess2
  /WSFACTOR = test 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( test )
  /EMMEANS = TABLES(test)
  /EMMEANS = TABLES(OVERALL)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = test .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
cost_bess1
cost_bess2
test
1
2
Dependent
Variable
Descriptive Statistics
-.1333 4.17491 30
1.4667 3.43143 30
cost_bess1
cost_bess2
Mean Std. Deviation N
Multivariate Testsc
.078 2.460b 1.000 29.000
.922 2.460b 1.000 29.000
.085 2.460b 1.000 29.000
.085 2.460b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Value F Hypothesis df Error df
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Multivariate Testsc
.128 .078 2.460 .329
.128 .078 2.460 .329
.128 .078 2.460 .329
.128 .078 2.460 .329
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
test
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: test
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
test
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
test
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: test
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
38.400 1 38.400 2.460
38.400 1.000 38.400 2.460
38.400 1.000 38.400 2.460
38.400 1.000 38.400 2.460
452.600 29 15.607
452.600 29.000 15.607
452.600 29.000 15.607
452.600 29.000 15.607
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.128 .078 2.460 .329
.128 .078 2.460 .329
.128 .078 2.460 .329
.128 .078 2.460 .329
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
test
Error(test)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
38.400 1 38.400 2.460 .128
452.600 29 15.607
test
Linear
Linear
Source
test
Error(test)
Type III Sum
of Squares df Mean Square F Sig.
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.078 2.460 .329
test
Linear
Linear
Source
test
Error(test)
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
26.667 1 26.667 1.961 .172
394.333 29 13.598
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.063 1.961 .273
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. test
Measure: MEASURE_1
-.133 .762 -1.692 1.426
1.467 .626 .185 2.748
test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Grand Mean
Measure: MEASURE_1
.667 .476 -.307 1.640
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
GLM
  sot_comp_st sot_comp_dt sot_comp_st_2 sot_comp_dt_2
  /WSFACTOR = Test 2 Polynomial Task 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( Test*Task )
  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(Test)
  /EMMEANS = TABLES(Task)
  /EMMEANS = TABLES(Test*Task)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = Test Task Test*Task .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
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Within-Subjects Factors
Measure: MEASURE_1
sot_comp_st
sot_comp_dt
sot_comp_
st_2
sot_comp_
dt_2
Task
1
2
1
2
Test
1
2
Dependent
Variable
Descriptive Statistics
79.2033 4.43236 30
81.4334 5.50063 30
84.2317 5.33247 30
85.7224 3.70976 30
sot_comp_st
sot_comp_dt
sot_comp_st_2
sot_comp_dt_2
Mean Std. Deviation N
Multivariate Testsc
.552 35.695b 1.000 29.000
.448 35.695b 1.000 29.000
1.231 35.695b 1.000 29.000
1.231 35.695b 1.000 29.000
.249 9.604b 1.000 29.000
.751 9.604b 1.000 29.000
.331 9.604b 1.000 29.000
.331 9.604b 1.000 29.000
.012 .340b 1.000 29.000
.988 .340b 1.000 29.000
.012 .340b 1.000 29.000
.012 .340b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Value F Hypothesis df Error df
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Multivariate Testsc
.000 .552 35.695 1.000
.000 .552 35.695 1.000
.000 .552 35.695 1.000
.000 .552 35.695 1.000
.004 .249 9.604 .850
.004 .249 9.604 .850
.004 .249 9.604 .850
.004 .249 9.604 .850
.564 .012 .340 .087
.564 .012 .340 .087
.564 .012 .340 .087
.564 .012 .340 .087
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
1.000 .000 0 .
1.000 .000 0 .
Within Subjects Effect
Test
Task
Test * Task
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
1.000 1.000 1.000
1.000 1.000 1.000
Within Subjects Effect
Test
Task
Test * Task
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
651.095 1 651.095
651.095 1.000 651.095
651.095 1.000 651.095
651.095 1.000 651.095
528.972 29 18.240
528.972 29.000 18.240
528.972 29.000 18.240
528.972 29.000 18.240
103.838 1 103.838
103.838 1.000 103.838
103.838 1.000 103.838
103.838 1.000 103.838
313.559 29 10.812
313.559 29.000 10.812
313.559 29.000 10.812
313.559 29.000 10.812
4.100 1 4.100
4.100 1.000 4.100
4.100 1.000 4.100
4.100 1.000 4.100
349.950 29 12.067
349.950 29.000 12.067
349.950 29.000 12.067
349.950 29.000 12.067
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
205
Tests of Within-Subjects Effects
Measure: MEASURE_1
35.695 .000 .552
35.695 .000 .552
35.695 .000 .552
35.695 .000 .552
9.604 .004 .249
9.604 .004 .249
9.604 .004 .249
9.604 .004 .249
.340 .564 .012
.340 .564 .012
.340 .564 .012
.340 .564 .012
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
35.695 1.000
35.695 1.000
35.695 1.000
35.695 1.000
9.604 .850
9.604 .850
9.604 .850
9.604 .850
.340 .087
.340 .087
.340 .087
.340 .087
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
651.095 1 651.095
528.972 29 18.240
103.838 1 103.838
313.559 29 10.812
4.100 1 4.100
349.950 29 12.067
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
35.695 .000 .552
9.604 .004 .249
.340 .564 .012
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
35.695 1.000
9.604 .850
.340 .087
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
819677.519 1 819677.519 16078.330 .000
1478.428 29 50.980
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.998 16078.330 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
82.648 .652 81.315 83.981
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Test
Measure: MEASURE_1
80.318 .753 78.778 81.859
84.977 .766 83.411 86.543
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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3. Task
Measure: MEASURE_1
81.717 .723 80.238 83.197
83.578 .712 82.122 85.034
Task
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
4. Test * Task
Measure: MEASURE_1
79.203 .809 77.548 80.858
81.433 1.004 79.379 83.487
84.232 .974 82.240 86.223
85.722 .677 84.337 87.108
Task
1
2
1
2
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
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Estimated Marginal Means of MEASURE_1
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GLM
  tot_st tot_dt tot_st_2 tot_dt_2
  /WSFACTOR = Test 2 Polynomial Task 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( Test*Task )
  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(Test)
  /EMMEANS = TABLES(Task)
  /EMMEANS = TABLES(Test*Task)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = Test Task Test*Task .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
tot_st
tot_dt
tot_st_2
tot_dt_2
Task
1
2
1
2
Test
1
2
Dependent
Variable
Descriptive Statistics
12.8000 4.97857 30
12.6667 5.38410 30
12.0333 4.27086 30
13.5000 5.62476 30
tot_st
tot_dt
tot_st_2
tot_dt_2
Mean Std. Deviation N
Multivariate Testsc
.000 .004b 1.000 29.000
1.000 .004b 1.000 29.000
.000 .004b 1.000 29.000
.000 .004b 1.000 29.000
.063 1.961b 1.000 29.000
.937 1.961b 1.000 29.000
.068 1.961b 1.000 29.000
.068 1.961b 1.000 29.000
.078 2.460b 1.000 29.000
.922 2.460b 1.000 29.000
.085 2.460b 1.000 29.000
.085 2.460b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Value F Hypothesis df Error df
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Multivariate Testsc
.953 .000 .004 .050
.953 .000 .004 .050
.953 .000 .004 .050
.953 .000 .004 .050
.172 .063 1.961 .273
.172 .063 1.961 .273
.172 .063 1.961 .273
.172 .063 1.961 .273
.128 .078 2.460 .329
.128 .078 2.460 .329
.128 .078 2.460 .329
.128 .078 2.460 .329
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
1.000 .000 0 .
1.000 .000 0 .
Within Subjects Effect
Test
Task
Test * Task
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
1.000 1.000 1.000
1.000 1.000 1.000
Within Subjects Effect
Test
Task
Test * Task
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.033 1 .033
.033 1.000 .033
.033 1.000 .033
.033 1.000 .033
272.467 29 9.395
272.467 29.000 9.395
272.467 29.000 9.395
272.467 29.000 9.395
13.333 1 13.333
13.333 1.000 13.333
13.333 1.000 13.333
13.333 1.000 13.333
197.167 29 6.799
197.167 29.000 6.799
197.167 29.000 6.799
197.167 29.000 6.799
19.200 1 19.200
19.200 1.000 19.200
19.200 1.000 19.200
19.200 1.000 19.200
226.300 29 7.803
226.300 29.000 7.803
226.300 29.000 7.803
226.300 29.000 7.803
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.004 .953 .000
.004 .953 .000
.004 .953 .000
.004 .953 .000
1.961 .172 .063
1.961 .172 .063
1.961 .172 .063
1.961 .172 .063
2.460 .128 .078
2.460 .128 .078
2.460 .128 .078
2.460 .128 .078
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.004 .050
.004 .050
.004 .050
.004 .050
1.961 .273
1.961 .273
1.961 .273
1.961 .273
2.460 .329
2.460 .329
2.460 .329
2.460 .329
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.033 1 .033
272.467 29 9.395
13.333 1 13.333
197.167 29 6.799
19.200 1 19.200
226.300 29 7.803
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.004 .953 .000
1.961 .172 .063
2.460 .128 .078
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.004 .050
1.961 .273
2.460 .329
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
19507.500 1 19507.500 244.899 .000
2310.000 29 79.655
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.894 244.899 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
12.750 .815 11.084 14.416
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Test
Measure: MEASURE_1
12.733 .867 10.961 14.506
12.767 .856 11.015 14.518
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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3. Task
Measure: MEASURE_1
12.417 .775 10.831 14.002
13.083 .916 11.209 14.957
Task
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
4. Test * Task
Measure: MEASURE_1
12.800 .909 10.941 14.659
12.667 .983 10.656 14.677
12.033 .780 10.439 13.628
13.500 1.027 11.400 15.600
Task
1
2
1
2
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
Test
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13.2
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12.8
12.6
12.4
12.2
12.0
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Task
Estimated Marginal Means of MEASURE_1
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GLM
  prtthru_shave eo_avthru prtthru_shave_2 eo_avthru_2
  /WSFACTOR = Test 2 Polynomial Task 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( Test*Task )
  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(Test)
  /EMMEANS = TABLES(Task)
  /EMMEANS = TABLES(Test*Task)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = Test Task Test*Task .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
prtthru_shave
eo_avthru
prtthru_
shave_2
eo_avthru_2
Task
1
2
1
2
Test
1
2
Dependent
Variable
Descriptive Statistics
117.2471 8.53625 30
120.0460 9.61906 30
130.7205 12.96619 30
134.1790 14.55114 30
prtthru_shave
eo_avthru
prtthru_shave_2
eo_avthru_2
Mean Std. Deviation N
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Multivariate Testsc
.664 57.252b 1.000 29.000
.336 57.252b 1.000 29.000
1.974 57.252b 1.000 29.000
1.974 57.252b 1.000 29.000
.209 7.673b 1.000 29.000
.791 7.673b 1.000 29.000
.265 7.673b 1.000 29.000
.265 7.673b 1.000 29.000
.003 .082b 1.000 29.000
.997 .082b 1.000 29.000
.003 .082b 1.000 29.000
.003 .082b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Value F Hypothesis df Error df
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Multivariate Testsc
.000 .664 57.252 1.000
.000 .664 57.252 1.000
.000 .664 57.252 1.000
.000 .664 57.252 1.000
.010 .209 7.673 .763
.010 .209 7.673 .763
.010 .209 7.673 .763
.010 .209 7.673 .763
.777 .003 .082 .059
.777 .003 .082 .059
.777 .003 .082 .059
.777 .003 .082 .059
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
1.000 .000 0 .
1.000 .000 0 .
Within Subjects Effect
Test
Task
Test * Task
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
1.000 1.000 1.000
1.000 1.000 1.000
Within Subjects Effect
Test
Task
Test * Task
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
5715.878 1 5715.878
5715.878 1.000 5715.878
5715.878 1.000 5715.878
5715.878 1.000 5715.878
2895.258 29 99.836
2895.258 29.000 99.836
2895.258 29.000 99.836
2895.258 29.000 99.836
293.663 1 293.663
293.663 1.000 293.663
293.663 1.000 293.663
293.663 1.000 293.663
1109.899 29 38.272
1109.899 29.000 38.272
1109.899 29.000 38.272
1109.899 29.000 38.272
3.262 1 3.262
3.262 1.000 3.262
3.262 1.000 3.262
3.262 1.000 3.262
1159.767 29 39.992
1159.767 29.000 39.992
1159.767 29.000 39.992
1159.767 29.000 39.992
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
57.252 .000 .664
57.252 .000 .664
57.252 .000 .664
57.252 .000 .664
7.673 .010 .209
7.673 .010 .209
7.673 .010 .209
7.673 .010 .209
.082 .777 .003
.082 .777 .003
.082 .777 .003
.082 .777 .003
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
57.252 1.000
57.252 1.000
57.252 1.000
57.252 1.000
7.673 .763
7.673 .763
7.673 .763
7.673 .763
.082 .059
.082 .059
.082 .059
.082 .059
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
5715.878 1 5715.878
2895.258 29 99.836
293.663 1 293.663
1109.899 29 38.272
3.262 1 3.262
1159.767 29 39.992
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
57.252 .000 .664
7.673 .010 .209
.082 .777 .003
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
57.252 1.000
7.673 .763
.082 .059
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1891480.556 1 1891480.556 5151.786 .000
10647.363 29 367.150
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.994 5151.786 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
125.548 1.749 121.971 129.126
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Test
Measure: MEASURE_1
118.647 1.519 115.540 121.753
132.450 2.340 127.664 137.236
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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3. Task
Measure: MEASURE_1
123.984 1.682 120.544 127.424
127.112 1.982 123.059 131.166
Task
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
4. Test * Task
Measure: MEASURE_1
117.247 1.558 114.060 120.435
120.046 1.756 116.454 123.638
130.721 2.367 125.879 135.562
134.179 2.657 128.746 139.612
Task
1
2
1
2
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
Test
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GLM
  aprt_acave ec_avac aprt_acave_2 ec_avac_2
  /WSFACTOR = Test 2 Polynomial Task 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( Test*Task )
  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(Test)
  /EMMEANS = TABLES(Task)
  /EMMEANS = TABLES(Test*Task)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = Test Task Test*Task .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
aprt_acave
ec_avac
aprt_acave_2
ec_avac_2
Task
1
2
1
2
Test
1
2
Dependent
Variable
Descriptive Statistics
97.8227 2.41375 30
97.7787 4.04237 30
98.7560 1.67662 30
98.6677 1.87658 30
aprt_acave
ec_avac
aprt_acave_2
ec_avac_2
Mean Std. Deviation N
Multivariate Testsc
.120 3.940b 1.000 29.000
.880 3.940b 1.000 29.000
.136 3.940b 1.000 29.000
.136 3.940b 1.000 29.000
.001 .023b 1.000 29.000
.999 .023b 1.000 29.000
.001 .023b 1.000 29.000
.001 .023b 1.000 29.000
.000 .002b 1.000 29.000
1.000 .002b 1.000 29.000
.000 .002b 1.000 29.000
.000 .002b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Value F Hypothesis df Error df
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Multivariate Testsc
.057 .120 3.940 .484
.057 .120 3.940 .484
.057 .120 3.940 .484
.057 .120 3.940 .484
.880 .001 .023 .052
.880 .001 .023 .052
.880 .001 .023 .052
.880 .001 .023 .052
.962 .000 .002 .050
.962 .000 .002 .050
.962 .000 .002 .050
.962 .000 .002 .050
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
1.000 .000 0 .
1.000 .000 0 .
Within Subjects Effect
Test
Task
Test * Task
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
1.000 1.000 1.000
1.000 1.000 1.000
Within Subjects Effect
Test
Task
Test * Task
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
24.907 1 24.907
24.907 1.000 24.907
24.907 1.000 24.907
24.907 1.000 24.907
183.324 29 6.322
183.324 29.000 6.322
183.324 29.000 6.322
183.324 29.000 6.322
.131 1 .131
.131 1.000 .131
.131 1.000 .131
.131 1.000 .131
164.462 29 5.671
164.462 29.000 5.671
164.462 29.000 5.671
164.462 29.000 5.671
.015 1 .015
.015 1.000 .015
.015 1.000 .015
.015 1.000 .015
185.959 29 6.412
185.959 29.000 6.412
185.959 29.000 6.412
185.959 29.000 6.412
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
3.940 .057 .120
3.940 .057 .120
3.940 .057 .120
3.940 .057 .120
.023 .880 .001
.023 .880 .001
.023 .880 .001
.023 .880 .001
.002 .962 .000
.002 .962 .000
.002 .962 .000
.002 .962 .000
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
3.940 .484
3.940 .484
3.940 .484
3.940 .484
.023 .052
.023 .052
.023 .052
.023 .052
.002 .050
.002 .050
.002 .050
.002 .050
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
24.907 1 24.907
183.324 29 6.322
.131 1 .131
164.462 29 5.671
.015 1 .015
185.959 29 6.412
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
3.940 .057 .120
.023 .880 .001
.002 .962 .000
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
3.940 .484
.023 .052
.002 .050
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1158514.880 1 1158514.880 114766.95 .000
292.740 29 10.094
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1.000 114766.945 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
98.256 .290 97.663 98.849
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Test
Measure: MEASURE_1
97.801 .465 96.850 98.752
98.712 .239 98.222 99.202
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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3. Task
Measure: MEASURE_1
98.289 .291 97.695 98.884
98.223 .422 97.360 99.087
Task
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
4. Test * Task
Measure: MEASURE_1
97.823 .441 96.921 98.724
97.779 .738 96.269 99.288
98.756 .306 98.130 99.382
98.668 .343 97.967 99.368
Task
1
2
1
2
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
Test
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GLM
  aprt_acave bess_acave aprt_acave_2 bess_acave_2
  /WSFACTOR = Test 2 Polynomial Task 2 Polynomial
  /METHOD = SSTYPE(3)
  /PLOT = PROFILE( Test*Task )
  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(Test)
  /EMMEANS = TABLES(Task)
  /EMMEANS = TABLES(Test*Task)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = Test Task Test*Task .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
aprt_acave
bess_acave
aprt_acave_2
bess_acave_
2
Task
1
2
1
2
Test
1
2
Dependent
Variable
Descriptive Statistics
97.8227 2.41375 30
97.4077 2.95176 30
98.7560 1.67662 30
97.9640 1.93730 30
aprt_acave
bess_acave
aprt_acave_2
bess_acave_2
Mean Std. Deviation N
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Multivariate Testsc
.113 3.678b 1.000 29.000
.887 3.678b 1.000 29.000
.127 3.678b 1.000 29.000
.127 3.678b 1.000 29.000
.071 2.225b 1.000 29.000
.929 2.225b 1.000 29.000
.077 2.225b 1.000 29.000
.077 2.225b 1.000 29.000
.012 .342b 1.000 29.000
.988 .342b 1.000 29.000
.012 .342b 1.000 29.000
.012 .342b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Value F Hypothesis df Error df
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Multivariate Testsc
.065 .113 3.678 .458
.065 .113 3.678 .458
.065 .113 3.678 .458
.065 .113 3.678 .458
.147 .071 2.225 .303
.147 .071 2.225 .303
.147 .071 2.225 .303
.147 .071 2.225 .303
.563 .012 .342 .087
.563 .012 .342 .087
.563 .012 .342 .087
.563 .012 .342 .087
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
Test
Task
Test * Task
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
1.000 .000 0 .
1.000 .000 0 .
Within Subjects Effect
Test
Task
Test * Task
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
1.000 1.000 1.000
1.000 1.000 1.000
Within Subjects Effect
Test
Task
Test * Task
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: Test+Task+Test*Task
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
16.643 1 16.643
16.643 1.000 16.643
16.643 1.000 16.643
16.643 1.000 16.643
131.223 29 4.525
131.223 29.000 4.525
131.223 29.000 4.525
131.223 29.000 4.525
10.926 1 10.926
10.926 1.000 10.926
10.926 1.000 10.926
10.926 1.000 10.926
142.380 29 4.910
142.380 29.000 4.910
142.380 29.000 4.910
142.380 29.000 4.910
1.066 1 1.066
1.066 1.000 1.066
1.066 1.000 1.066
1.066 1.000 1.066
90.466 29 3.120
90.466 29.000 3.120
90.466 29.000 3.120
90.466 29.000 3.120
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
3.678 .065 .113
3.678 .065 .113
3.678 .065 .113
3.678 .065 .113
2.225 .147 .071
2.225 .147 .071
2.225 .147 .071
2.225 .147 .071
.342 .563 .012
.342 .563 .012
.342 .563 .012
.342 .563 .012
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
3.678 .458
3.678 .458
3.678 .458
3.678 .458
2.225 .303
2.225 .303
2.225 .303
2.225 .303
.342 .087
.342 .087
.342 .087
.342 .087
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
16.643 1 16.643
131.223 29 4.525
10.926 1 10.926
142.380 29 4.910
1.066 1 1.066
90.466 29 3.120
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Type III Sum
of Squares df Mean Square
241
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
3.678 .065 .113
2.225 .147 .071
.342 .563 .012
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
3.678 .458
2.225 .303
.342 .087
Task
Linear
Linear
Linear
Linear
Test
Linear
Linear
Linear
Linear
Source
Test
Error(Test)
Task
Error(Task)
Test * Task
Error(Test*Task)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1152187.979 1 1152187.979 134772.40 .000
247.925 29 8.549
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
1.000 134772.403 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
97.988 .267 97.442 98.533
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. Test
Measure: MEASURE_1
97.615 .378 96.842 98.389
98.360 .274 97.800 98.920
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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3. Task
Measure: MEASURE_1
98.289 .291 97.695 98.884
97.686 .374 96.921 98.451
Task
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
4. Test * Task
Measure: MEASURE_1
97.823 .441 96.921 98.724
97.408 .539 96.305 98.510
98.756 .306 98.130 99.382
97.964 .354 97.241 98.687
Task
1
2
1
2
Test
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
Profile Plots
Test
21
Es
tim
at
ed
 M
ar
gi
na
l M
ea
ns
98.75
98.50
98.25
98.00
97.75
97.50
2
1
Task
Estimated Marginal Means of MEASURE_1
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COMPUTE per_sot2 = cost_sot2 / sot_comp_st_2 * 100 .
EXECUTE .
COMPUTE per_bess2 = cost_bess2 / tot_st_2 * 100 .
EXECUTE .
COMPUTE per_Sart2 = cost_sart2 / ec_avac_2 * 100 .
EXECUTE .
COMPUTE per_Bart2 = cost_bart2 / bess_acave_2 * 100 .
EXECUTE .
T-TEST
  PAIRS = ec_avac_2  WITH bess_acave_2 (PAIRED)
  /CRITERIA = CI(.95)
  /MISSING = ANALYSIS.
T-Test
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Paired Samples Statistics
98.6677 30 1.87658 .34261
97.9640 30 1.93730 .35370
ec_avac_2
bess_acave_2
Pair
1
Mean N Std. Deviation
Std. Error
Mean
Paired Samples Correlations
30 -.106 .578ec_avac_2 &bess_acave_2
Pair
1
N Correlation Sig.
Paired Samples Test
.70367 2.83612 .51780 -.35536 1.76269ec_avac_2 -bess_acave_2
Pair
1
Mean Std. Deviation
Std. Error
Mean Lower Upper
95% Confidence Interval
of the Difference
Paired Differences
Paired Samples Test
1.359 29 .185ec_avac_2 -bess_acave_2
Pair
1
t df Sig. (2-tailed)
T-TEST
  PAIRS = per_sot2  WITH per_bess2 (PAIRED)
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  /CRITERIA = CI(.95)
  /MISSING = ANALYSIS.
T-Test
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Paired Samples Statistics
1.9930 30 4.87273 .88963
14.2364 30 31.00310 5.66037
per_sot2
per_bess2
Pair
1
Mean N Std. Deviation
Std. Error
Mean
Paired Samples Correlations
30 -.234 .214per_sot2 & per_bess2Pair 1
N Correlation Sig.
Paired Samples Test
-12.24343 32.48837 5.93154per_sot2 - per_bess2Pair 1
Mean Std. Deviation
Std. Error
Mean
Paired Differences
Paired Samples Test
-24.37479 -.11207per_sot2 - per_bess2Pair 1
Lower Upper
95% Confidence Interval
of the Difference
Paired Differences
Paired Samples Test
-2.064 29 .048per_sot2 - per_bess2Pair 1
t df Sig. (2-tailed)
GLM
  sot_comp_dt sot_comp_dt_2
  /WSFACTOR = factor1 2 Polynomial
  /METHOD = SSTYPE(3)
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  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(factor1)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = factor1 .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
sot_comp_dt
sot_comp_
dt_2
factor1
1
2
Dependent
Variable
Descriptive Statistics
81.4334 5.50063 30
85.7224 3.70976 30
sot_comp_dt
sot_comp_dt_2
Mean Std. Deviation N
Multivariate Testsc
.411 20.249b 1.000 29.000
.589 20.249b 1.000 29.000
.698 20.249b 1.000 29.000
.698 20.249b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
factor1
Value F Hypothesis df Error df
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Multivariate Testsc
.000 .411 20.249 .991
.000 .411 20.249 .991
.000 .411 20.249 .991
.000 .411 20.249 .991
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
factor1
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: factor1
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
factor1
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
factor1
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: factor1
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
275.933 1 275.933
275.933 1.000 275.933
275.933 1.000 275.933
275.933 1.000 275.933
395.186 29 13.627
395.186 29.000 13.627
395.186 29.000 13.627
395.186 29.000 13.627
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
20.249 .000 .411
20.249 .000 .411
20.249 .000 .411
20.249 .000 .411
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
20.249 .991
20.249 .991
20.249 .991
20.249 .991
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
275.933 1 275.933 20.249
395.186 29 13.627
factor1
Linear
Linear
Source
factor1
Error(factor1)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.000 .411 20.249 .991
factor1
Linear
Linear
Source
factor1
Error(factor1)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
419116.368 1 419116.368 13790.293 .000
881.372 29 30.392
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.998 13790.293 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
83.578 .712 82.122 85.034
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. factor1
Measure: MEASURE_1
81.433 1.004 79.379 83.487
85.722 .677 84.337 87.108
factor1
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
GLM
  tot_dt tot_dt_2
  /WSFACTOR = factor1 2 Polynomial
  /METHOD = SSTYPE(3)
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  /EMMEANS = TABLES(OVERALL)
  /EMMEANS = TABLES(factor1)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = factor1 .
General Linear Model
[DataSet1] C:\Documents and Settings\neuropsych\Desktop\Scoring Sheets
\lmr_dataset_final.sav
Within-Subjects Factors
Measure: MEASURE_1
tot_dt
tot_dt_2
factor1
1
2
Dependent
Variable
Descriptive Statistics
12.6667 5.38410 30
13.5000 5.62476 30
tot_dt
tot_dt_2
Mean Std. Deviation N
Multivariate Testsc
.034 1.017b 1.000 29.000
.966 1.017b 1.000 29.000
.035 1.017b 1.000 29.000
.035 1.017b 1.000 29.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
factor1
Value F Hypothesis df Error df
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Multivariate Testsc
.322 .034 1.017 .164
.322 .034 1.017 .164
.322 .034 1.017 .164
.322 .034 1.017 .164
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
factor1
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: factor1
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 .000 0 .
Within Subjects Effect
factor1
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
1.000 1.000 1.000
Within Subjects Effect
factor1
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: factor1
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
10.417 1 10.417
10.417 1.000 10.417
10.417 1.000 10.417
10.417 1.000 10.417
297.083 29 10.244
297.083 29.000 10.244
297.083 29.000 10.244
297.083 29.000 10.244
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
1.017 .322 .034
1.017 .322 .034
1.017 .322 .034
1.017 .322 .034
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
1.017 .164
1.017 .164
1.017 .164
1.017 .164
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
10.417 1 10.417 1.017
297.083 29 10.244
factor1
Linear
Linear
Source
factor1
Error(factor1)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.322 .034 1.017 .164
factor1
Linear
Linear
Source
factor1
Error(factor1)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
10270.417 1 10270.417 203.850 .000
1461.083 29 50.382
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.875 203.850 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Estimated Marginal Means
1. Grand Mean
Measure: MEASURE_1
13.083 .916 11.209 14.957
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. factor1
Measure: MEASURE_1
12.667 .983 10.656 14.677
13.500 1.027 11.400 15.600
factor1
1
2
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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APPENDIX G 
 
Pilot SPSS Output 
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GLM
  prt_short1 prt_short2 prt_short3 prt_short4 prt_short5
  /WSFACTOR = factor1 5 Polynomial
  /METHOD = SSTYPE(3)
  /PRINT = DESCRIPTIVE ETASQ OPOWER
  /CRITERIA = ALPHA(.05)
  /WSDESIGN = factor1 .
General Linear Model
[DataSet1] F:\prt_pilot_data\prt_validation.sav
Within-Subjects Factors
Measure: MEASURE_1
prt_short1
prt_short2
prt_short3
prt_short4
prt_short5
factor1
1
2
3
4
5
Dependent
Variable
Descriptive Statistics
110.4444 12.70936 9
113.3333 15.09967 9
118.1111 14.43472 9
112.5556 12.31981 9
112.5556 17.16909 9
PRT throughput
score, short trial 1
PRT throughput
score, short trial 2
PRT throughput
score, short trial 3
PRT throughput
score, short trial 4
PRT throughput
score, short trial 5
Mean Std. Deviation N
Multivariate Testsc
.363 .711b 4.000 5.000
.637 .711b 4.000 5.000
.569 .711b 4.000 5.000
.569 .711b 4.000 5.000
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
factor1
Value F Hypothesis df Error df
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Multivariate Testsc
.618 .363 2.844 .125
.618 .363 2.844 .125
.618 .363 2.844 .125
.618 .363 2.844 .125
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Effect
factor1
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Exact statisticb. 
Design: Intercept 
Within Subjects Design: factor1
c. 
Mauchly's Test of Sphericityb
Measure: MEASURE_1
.303 7.661 9 .582
Within Subjects Effect
factor1
Mauchly's W
Approx.
Chi-Square df Sig.
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
Mauchly's Test of Sphericityb
Measure: MEASURE_1
.698 1.000 .250
Within Subjects Effect
factor1
Greenhouse
-Geisser Huynh-Feldt Lower-bound
Epsilona
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected
tests are displayed in the Tests of Within-Subjects Effects table.
a. 
Design: Intercept 
Within Subjects Design: factor1
b. 
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Tests of Within-Subjects Effects
Measure: MEASURE_1
291.244 4 72.811
291.244 2.791 104.356
291.244 4.000 72.811
291.244 1.000 291.244
3228.356 32 100.886
3228.356 22.327 144.595
3228.356 32.000 100.886
3228.356 8.000 403.544
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
Type III Sum
of Squares df Mean Square
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Tests of Within-Subjects Effects
Measure: MEASURE_1
.722 .584 .083
.722 .540 .083
.722 .584 .083
.722 .420 .083
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
F Sig.
Partial Eta
Squared
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Tests of Within-Subjects Effects
Measure: MEASURE_1
2.887 .207
2.014 .174
2.887 .207
.722 .117
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Source
factor1
Error(factor1)
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
10.678 1 10.678 .094
166.865 1 166.865 1.645
12.100 1 12.100 .147
101.602 1 101.602 .954
908.422 8 113.553
811.349 8 101.419
656.800 8 82.100
851.784 8 106.473
factor1
Linear
Quadratic
Cubic
Order 4
Linear
Quadratic
Cubic
Order 4
Source
factor1
Error(factor1)
Type III Sum
of Squares df Mean Square F
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Tests of Within-Subjects Contrasts
Measure: MEASURE_1
.767 .012 .094 .059
.236 .171 1.645 .205
.711 .018 .147 .063
.357 .107 .954 .139
factor1
Linear
Quadratic
Cubic
Order 4
Linear
Quadratic
Cubic
Order 4
Source
factor1
Error(factor1)
Sig.
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
578680.200 1 578680.200 902.918 .000
5127.200 8 640.900
Source
Intercept
Error
Type III Sum
of Squares df Mean Square F Sig.
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
.991 902.918 1.000
Source
Intercept
Error
Partial Eta
Squared
Noncent.
Parameter
Observed
Powera
Computed using alpha = .05a. 
T-TEST
  PAIRS = prt_full  WITH prt_shortave (PAIRED)
  /CRITERIA = CI(.95)
  /MISSING = ANALYSIS.
T-Test
[DataSet1] F:\prt_pilot_data\prt_validation.sav
Paired Samples Statistics
111.4444 9 11.10305 3.70102
113.3778 9 11.32804 3.77601
PRT throughput score,
full version
PRT throughput score,
short average 1-5
Pair
1
Mean N Std. Deviation
Std. Error
Mean
265
Paired Samples Correlations
9 .844 .004
PRT throughput score, full
version & PRT throughput
score, short average 1-5
Pair
1
N Correlation Sig.
Paired Samples Test
-1.93333 6.25939 2.08646
PRT throughput score, full
version - PRT throughput
score, short average 1-5
Pair
1
Mean Std. Deviation
Std. Error
Mean
Paired Differences
Paired Samples Test
-6.74473 2.87806
PRT throughput score, full
version - PRT throughput
score, short average 1-5
Pair
1
Lower Upper
95% Confidence Interval
of the Difference
Paired Differences
Paired Samples Test
-.927 8 .381
PRT throughput score, full
version - PRT throughput
score, short average 1-5
Pair
1
t df Sig. (2-tailed)
266
 REFERENCES 
Andersson, G., Hagman, J., Talianzadeh, R., Svedberg, A., & Larsen, H. C. (2002). 
Effect of cognitive load on postural control. Brain Res Bull, 58(1), 135-139. 
Asplund, C. A., McKeag, D. B., & Olsen, C. H. (2004). Sport-related concussion: factors 
associated with prolonged return to play. Clin J Sport Med, 14(6), 339-343. 
Aubry, M., Cantu, R., Dvorak, J., Graf-Baumann, T., Johnston, K., Kelly, J., et al. (2002). 
Summary and agreement statement of the First International Conference on 
Concussion in Sport, Vienna 2001. Recommendations for the improvement of 
safety and health of athletes who may suffer concussive injuries. Br J Sports Med, 
36(1), 6-10. 
Belanger, H. G., & Vanderploeg, R. D. (2005). The neuropsychological impact of sports-
related concussion: a meta-analysis. J Int Neuropsychol Soc, 11(4), 345-357. 
Bleiberg, J., Cernich, A. N., Cameron, K., Sun, W., Peck, K., Ecklund, P. J., et al. (2004). 
Duration of cognitive impairment after sports concussion. Neurosurgery, 54(5), 
1073-1078; discussion 1078-1080. 
Broglio, S. P., Macciocchi, S. N., & Ferrara, M. S. (2007). Sensitivity of the concussion 
assessment battery. Neurosurgery, 60(6), 1050-1057; discussion 1057-1058. 
Broglio, S. P., Tomporowski, P. D., & Ferrara, M. S. (2005). Balance performance with a 
cognitive task: a dual-task testing paradigm. Med Sci Sports Exerc, 37(4), 689-
695. 
Cantu, R. C. (2001). Posttraumatic Retrograde and Anterograde Amnesia: 
Pathophysiology and Implications in Grading and Safe Return to Play. J Athl 
Train, 36(3), 244-248. 
Catena, R. D., van Donkelaar, P., & Chou, L. S. (2007a). Altered balance control 
following concussion is better detected with an attention test during gait. Gait 
Posture, 25(3), 406-411. 
Catena, R. D., van Donkelaar, P., & Chou, L. S. (2007b). Cognitive task effects on gait 
stability following concussion. Exp Brain Res, 176(1), 23-31. 
267
 Collins, M., Lovell, M. R., Iverson, G. L., Ide, T., & Maroon, J. (2006). Examining 
concussion rates and return to play in high school football players wearing newer 
helmet technology: a three-year prospective cohort study. Neurosurgery, 58(2), 
275-286; discussion 275-286. 
Collins, M. W., Grindel, S. H., Lovell, M. R., Dede, D. E., Moser, D. J., Phalin, B. R., et 
al. (1999). Relationship between concussion and neuropsychological performance 
in college football players. Jama, 282(10), 964-970. 
Collins, M. W., Iverson, G. L., Lovell, M. R., McKeag, D. B., Norwig, J., & Maroon, J. 
(2003). On-field predictors of neuropsychological and symptom deficit following 
sports-related concussion. Clin J Sport Med, 13(4), 222-229. 
Congress of Neurological Surgeons, Inc. (1966). Clin Neurosurg, 14, 424-445. 
Delaney, J. S., Lacroix, V. J., Leclerc, S., & Johnston, K. M. (2002). Concussions among 
university football and soccer players. Clin J Sport Med, 12(6), 331-338. 
Drew, A. S., Langan, J., Halterman, C., Osternig, L. R., Chou, L. S., & van Donkelaar, P. 
(2007). Attentional disengagement dysfunction following mTBI assessed with the 
gap saccade task. Neurosci Lett, 417(1), 61-65. 
Echemendia, R. J., Putukian, M., Mackin, R. S., Julian, L., & Shoss, N. (2001). 
Neuropsychological test performance prior to and following sports-related mild 
traumatic brain injury. Clin J Sport Med, 11(1), 23-31. 
Erlanger, D., Kaushik, T., Cantu, R., Barth, J. T., Broshek, D. K., Freeman, J. R., et al. 
(2003). Symptom-based assessment of the severity of a concussion. J Neurosurg, 
98(3), 477-484. 
Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002). Testing the 
efficiency and independence of attentional networks. J Cogn Neurosci, 14(3), 
340-347. 
Gerberich, S. G., Priest, J. D., Boen, J. R., Straub, C. P., & Maxwell, R. E. (1983). 
Concussion incidences and severity in secondary school varsity football players. 
Am J Public Health, 73(12), 1370-1375. 
268
 Giza, C. C., & Hovda, D. A. (2001). The Neurometabolic Cascade of Concussion. J Athl 
Train, 36(3), 228-235. 
Grindel, S. H., Lovell, M. R., & Collins, M. W. (2001). The assessment of sport-related 
concussion: the evidence behind neuropsychological testing and management. 
Clin J Sport Med, 11(3), 134-143. 
Guskiewicz, K. M. (2001). Postural stability assessment following concussion: one piece 
of the puzzle. Clin J Sport Med, 11(3), 182-189. 
Guskiewicz, K. M., Bruce, S. L., Cantu, R. C., Ferrara, M. S., Kelly, J. P., McCrea, M., et 
al. (2004). National Athletic Trainers' Association Position Statement: 
Management of Sport-Related Concussion. J Athl Train, 39(3), 280-297. 
Guskiewicz, K. M., Marshall, S. W., Bailes, J., McCrea, M., Cantu, R. C., Randolph, C., 
et al. (2005). Association between recurrent concussion and late-life cognitive 
impairment in retired professional football players. Neurosurgery, 57(4), 719-726; 
discussion 719-726. 
Guskiewicz, K. M., Marshall, S. W., Bailes, J., McCrea, M., Harding, H. P., Jr., 
Matthews, A., et al. (2007). Recurrent concussion and risk of depression in retired 
professional football players. Med Sci Sports Exerc, 39(6), 903-909. 
Guskiewicz, K. M., McCrea, M., Marshall, S. W., Cantu, R. C., Randolph, C., Barr, W., 
et al. (2003). Cumulative effects associated with recurrent concussion in 
collegiate football players: the NCAA Concussion Study. Jama, 290(19), 2549-
2555. 
Guskiewicz, K. M., Riemann, B. L., Perrin, D. H., & Nashner, L. M. (1997). Alternative 
approaches to the assessment of mild head injury in athletes. Med Sci Sports 
Exerc, 29(7 Suppl), S213-221. 
Guskiewicz, K. M., Ross, S. E., & Marshall, S. W. (2001). Postural Stability and 
Neuropsychological Deficits After Concussion in Collegiate Athletes. J Athl 
Train, 36(3), 263-273. 
Guskiewicz, K. M., Weaver, N. L., Padua, D. A., & Garrett, W. E., Jr. (2000). 
Epidemiology of concussion in collegiate and high school football players. Am J 
Sports Med, 28(5), 643-650. 
269
 Hinton-Bayre, A. D., & Geffen, G. (2002). Severity of sports-related concussion and 
neuropsychological test performance. Neurology, 59(7), 1068-1070. 
Hovda, D. A., Yoshino, A., Kawamata, T., Katayama, Y., & Becker, D. P. (1991). 
Diffuse prolonged depression of cerebral oxidative metabolism following 
concussive brain injury in the rat: a cytochrome oxidase histochemistry study. 
Brain Res, 567(1), 1-10. 
Hunter, M. C., & Hoffman, M. A. (2001). Postural control: visual and cognitive 
manipulations. Gait Posture, 13(1), 41-48. 
Huxhold, O., Li, S. C., Schmiedek, F., & Lindenberger, U. (2006). Dual-tasking postural 
control: aging and the effects of cognitive demand in conjunction with focus of 
attention. Brain Res Bull, 69(3), 294-305. 
Langlois, J. A., Rutland-Brown, W., & Wald, M. M. (2006). The epidemiology and 
impact of traumatic brain injury: a brief overview. J Head Trauma Rehabil, 21(5), 
375-378. 
Levy, M. L., Ozgur, B. M., Berry, C., Aryan, H. E., & Apuzzo, M. L. (2004). Analysis 
and evolution of head injury in football. Neurosurgery, 55(3), 649-655. 
Lovell, M. R., Collins, M. W., Iverson, G. L., Johnston, K. M., & Bradley, J. P. (2004). 
Grade 1 or "ding" concussions in high school athletes. Am J Sports Med, 32(1), 
47-54. 
McCrea, M., Barr, W. B., Guskiewicz, K., Randolph, C., Marshall, S. W., Cantu, R., et 
al. (2005). Standard regression-based methods for measuring recovery after sport-
related concussion. J Int Neuropsychol Soc, 11(1), 58-69. 
McCrea, M., Guskiewicz, K. M., Marshall, S. W., Barr, W., Randolph, C., Cantu, R. C., 
et al. (2003). Acute effects and recovery time following concussion in collegiate 
football players: the NCAA Concussion Study. Jama, 290(19), 2556-2563. 
McCrea, M., Hammeke, T., Olsen, G., Leo, P., & Guskiewicz, K. (2004). Unreported 
concussion in high school football players: implications for prevention. Clin J 
Sport Med, 14(1), 13-17. 
270
 McCrea, M., Kelly, J. P., Randolph, C., Cisler, R., & Berger, L. (2002). Immediate 
neurocognitive effects of concussion. Neurosurgery, 50(5), 1032-1040; discussion 
1040-1032. 
McCrea, M., Kelly, J. P., Randolph, C., Kluge, J., Bartolic, E., Finn, G., et al. (1998). 
Standardized assessment of concussion (SAC): on-site mental status evaluation of 
the athlete. J Head Trauma Rehabil, 13(2), 27-35. 
McCrory, P., Johnston, K., Meeuwisse, W., Aubry, M., Cantu, R., Dvorak, J., et al. 
(2005). Summary and agreement statement of the 2nd International Conference 
on Concussion in Sport, Prague 2004. Br J Sports Med, 39(4), 196-204. 
Morioka, S., Hiyamizu, M., & Yagi, F. (2005). The effects of an attentional demand tasks 
on standing posture control. J Physiol Anthropol Appl Human Sci, 24(3), 215-219. 
Moser, R. S., Iverson, G. L., Echemendia, R. J., Lovell, M. R., Schatz, P., Webbe, F. M., 
et al. (2007). Neuropsychological evaluation in the diagnosis and management of 
sports-related concussion. Arch Clin Neuropsychol, 22(8), 909-916. 
Muller, M. L., Jennings, J. R., Redfern, M. S., & Furman, J. M. (2004). Effect of 
preparation on dual-task performance in postural control. J Mot Behav, 36(2), 
137-146. 
Muller, M. L., Redfern, M. S., & Jennings, J. R. (2007). Postural prioritization defines the 
interaction between a reaction time task and postural perturbations. Exp Brain 
Res, 183(4), 447-456. 
Notebaert, A. J., & Guskiewicz, K. M. (2005). Current trends in athletic training practice 
for concussion assessment and management. J Athl Train, 40(4), 320-325. 
Oliaro, S., Anderson, S., & Hooker, D. (2001). Management of Cerebral Concussion in 
Sports: The Athletic Trainer's Perspective. J Athl Train, 36(3), 257-262. 
Onate, J. A., Beck, B. C., & Van Lunen, B. L. (2007). On-field testing environment and 
balance error scoring system performance during preseason screening of healthy 
collegiate baseball players. J Athl Train, 42(4), 446-451. 
271
 Parker, T. M., Osternig, L. R., Lee, H. J., Donkelaar, P., & Chou, L. S. (2005). The effect 
of divided attention on gait stability following concussion. Clin Biomech (Bristol, 
Avon), 20(4), 389-395. 
Parker, T. M., Osternig, L. R., P, V. A. N. D., & Chou, L. S. (2006). Gait stability 
following concussion. Med Sci Sports Exerc, 38(6), 1032-1040. 
Parker, T. M., Osternig, L. R., van Donkelaar, P., & Chou, L. S. (2007). Recovery of 
cognitive and dynamic motor function following concussion. Br J Sports Med, 
41(12), 868-873; discussion 873. 
Pellecchia, G. L. (2003). Postural sway increases with attentional demands of concurrent 
cognitive task. Gait Posture, 18(1), 29-34. 
Pellman, E. J., Powell, J. W., Viano, D. C., Casson, I. R., Tucker, A. M., Feuer, H., et al. 
(2004). Concussion in professional football: epidemiological features of game 
injuries and review of the literature--part 3. Neurosurgery, 54(1), 81-94; 
discussion 94-86. 
Peterson, C. (2002). Development and use of the multi-task head injury assessment test in 
athletes with concussions. Unpublished Doctoral Dissertation, University of 
Georgia, Athens, GA. 
Peterson, C. L., Ferrara, M. S., Mrazik, M., Piland, S., & Elliott, R. (2003). Evaluation of 
neuropsychological domain scores and postural stability following cerebral 
concussion in sports. Clin J Sport Med, 13(4), 230-237. 
Piland, S. G., Motl, R. W., Guskiewicz, K. M., McCrea, M., & Ferrara, M. S. (2006). 
Structural validity of a self-report concussion-related symptom scale. Med Sci 
Sports Exerc, 38(1), 27-32. 
Posner, M. I., & Petersen, S. E. (1990). The attention system of the human brain. Annu 
Rev Neurosci, 13, 25-42. 
Randolph, C., McCrea, M., & Barr, W. B. (2005). Is neuropsychological testing useful in 
the management of sport-related concussion? J Athl Train, 40(3), 139-152. 
272
 Rankin, J. K., Woollacott, M. H., Shumway-Cook, A., & Brown, L. A. (2000). Cognitive 
influence on postural stability: a neuromuscular analysis in young and older 
adults. J Gerontol A Biol Sci Med Sci, 55(3), M112-119. 
Redfern, M. S., Jennings, J. R., Martin, C., & Furman, J. M. (2001). Attention influences 
sensory integration for postural control in older adults. Gait Posture, 14(3), 211-
216. 
Register-Mihalik, J., Guskiewicz, K. M., Mann, J. D., & Shields, E. W. (2007). The 
effects of headache on clinical measures of neurocognitive function. Clin J Sport 
Med, 17(4), 282-288. 
Riemann, B. L., & Guskiewicz, K. M. (2000). Effects of Mild Head Injury on Postural 
Stability as Measured Through Clinical Balance Testing. J Athl Train, 35(1), 19-
25. 
Riemann, B. L., Guskiewicz, K. M., & Shields, E. W. (1999). Relationships Between 
Clinical and Forceplate Measures of Postural Stability. Journal of Sport 
Rehabilitation, 8, 71-82. 
Siu, K. C., Catena, R. D., Chou, L. S., van Donkelaar, P., & Woollacott, M. H. (2008). 
Effects of a secondary task on obstacle avoidance in healthy young adults. Exp 
Brain Res, 184(1), 115-120. 
Siu, K. C., & Woollacott, M. H. (2007). Attentional demands of postural control: the 
ability to selectively allocate information-processing resources. Gait Posture, 
25(1), 121-126. 
Slobounov, S., Cao, C., Sebastianelli, W., Slobounov, E., & Newell, K. (2008). Residual 
deficits from concussion as revealed by virtual time-to-contact measures of 
postural stability. Clin Neurophysiol, 119(2), 281-289. 
Slobounov, S., Tutwiler, R., Sebastianelli, W., & Slobounov, E. (2006). Alteration of 
postural responses to visual field motion in mild traumatic brain injury. 
Neurosurgery, 59(1), 134-139; discussion 134-139. 
Sosin, D. M., Sniezek, J. E., & Thurman, D. J. (1996). Incidence of mild and moderate 
brain injury in the United States, 1991. Brain Inj, 10(1), 47-54. 
273
 Susco, T. M., Valovich McLeod, T. C., Gansneder, B. M., & Shultz, S. J. (2004). Balance 
Recovers Within 20 Minutes After Exertion as Measured by the Balance Error 
Scoring System. J Athl Train, 39(3), 241-246. 
Swan, L., Otani, H., Loubert, P. V., Sheffert, S. M., & Dunbar, G. L. (2004). Improving 
balance by performing a secondary cognitive task. Br J Psychol, 95(Pt 1), 31-40. 
Thurman, D. J., Branche, C. M., & Sniezek, J. E. (1998). The epidemiology of sports-
related traumatic brain injuries in the United States: recent developments. J Head 
Trauma Rehabil, 13(2), 1-8. 
Traumatic brain injury--Colorado, Missouri, Oklahoma, and Utah, 1990-1993. (1997). 
MMWR Morb Mortal Wkly Rep, 46(1), 8-11. 
Valovich McLeod, T. C., Barr, W. B., McCrea, M., & Guskiewicz, K. M. (2006). 
Psychometric and measurement properties of concussion assessment tools in 
youth sports. J Athl Train, 41(4), 399-408. 
Valovich McLeod, T. C., Perrin, D. H., Guskiewicz, K. M., Shultz, S. J., Diamond, R., & 
Gansneder, B. M. (2004). Serial administration of clinical concussion assessments 
and learning effects in healthy young athletes. Clin J Sport Med, 14(5), 287-295. 
Valovich, T. C., Perrin, D. H., & Gansneder, B. M. (2003). Repeat Administration Elicits 
a Practice Effect With the Balance Error Scoring System but Not With the 
Standardized Assessment of Concussion in High School Athletes. J Athl Train, 
38(1), 51-56. 
van Donkelaar, P., Osternig, L., & Chou, L. S. (2006). Attentional and biomechanical 
deficits interact after mild traumatic brain injury. Exerc Sport Sci Rev, 34(2), 77-
82. 
Van Kampen, D. A., Lovell, M. R., Pardini, J. E., Collins, M. W., & Fu, F. H. (2006). 
The "value added" of neurocognitive testing after sports-related concussion. Am J 
Sports Med, 34(10), 1630-1635. 
Wilkins, J. C., Valovich McLeod, T. C., Perrin, D. H., & Gansneder, B. M. (2004). 
Performance on the Balance Error Scoring System Decreases After Fatigue. J Athl 
Train, 39(2), 156-161. 
274
 Wrisley, D. M., Stephens, M. J., Mosley, S., Wojnowski, A., Duffy, J., & Burkard, R. 
(2007). Learning effects of repetitive administrations of the sensory organization 
test in healthy young adults. Arch Phys Med Rehabil, 88(8), 1049-1054. 
 
 
275
